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(54) Motor driving apparatus for a linear vibration motor

(57) An apparatus for driving a linear vibration motor
that employs a proper motor thrust constant value cor-
responding to each linear vibration motor at position cal-
culation for obtaining the position of the mover of the
linear vibration motor, thereby increasing the accuracy
of the position calculation. This motor driving apparatus
includes a motor driver for applying a DC voltage to the
linear vibration motor, and a thrust detection unit for de-

tecting a thrust of the mover, which is generated by the
application of the DC voltage to the linear vibration mo-
tor, and calculates the thrust constant of the linear vi-
bration motor according to an arithmetic operation of di-
viding the mover thrust detected by the thrust detection
unit, by a value of a DC current that is supplied to the
linear vibration motor due to the application of the DC
voltage to the linear vibration motor.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to motor driving apparatuses and, more particularly, to a motor driving apparatus
for driving a linear vibration motor including a mover and a spring member that supports the mover.

BACKGROUND OF THE INVENTION

[0002] Conventional equipment using a linear vibration motors include vibration generators that informs incoming
calls by mechanical vibration, such as cellular phones, compressors that compress and circulate gas or liquid, and
reciprocating electric razors. The compressors and reciprocating electric razors use the linear vibration motors as their
driving sources.
[0003] A typical linear vibration motor has a structure of a single-phase sync motor, i.e., it has a mover comprising
a permanent magnet and a stator obtained by winding a coil around an iron core, and the mover reciprocates when
an AC voltage is applied to the coil.
[0004] When generating vibrations by the reciprocating motion of the mover, a strong electromagnetic force is need-
ed. However, an energy required for driving the linear vibration motor can be suppressed by forming a spring vibration
system including the mover and a spring member supporting the mover. That is, in the linear vibration motor in which
the mover is supported by the spring member, the spring vibration system including the mover is vibrated at its natural
frequency (resonance frequency), whereby the linear vibration motor can be driven with a relatively low energy.
[0005] In the linear vibration motor, however, when the stroke length of the mover becomes larger than a predeter-
mined allowable value, a problem such as a collision between the mover and the motor housing or breakage of the
spring member may occur. Therefore, the position of the mover must be detected and controlled.
[0006] Japanese Published Patent Application No. Hei.11-324911 discloses a driving apparatus for driving a linear
vibration motor, which includes a detector such as a position sensor for detecting the position of the mover of the linear
vibration motor, and reduces the output of the linear vibration motor when the stroke length of the mover becomes
larger than a predetermined allowable value, i.e., decreases the amplitude value of the voltage or current applied to
the linear vibration motor, thereby preventing the linear vibration motor from being broken due to a collision between
the mover and the motor housing or extension of the spring member over a critical value.
[0007] As the above-mentioned position detector, there is employed a sensor that can detect the degree of displace-
ment of the mover with respect to a mover reference position such as a mover neutral position (the mover displacement
amount) without contacting the mover of the linear vibration motor. For example, a displacement gauge using an eddy
current system, a displacement gauge using a differential transformer, or the like is employed.
[0008] However, when such sensor is employed, not only the production cost of the linear vibration motor is increased
but also a space for mounting the sensor is needed, which leads to an increase in the size of the housing of the linear
vibration motor. Further, when considering the compressor as an application of the linear vibration motor, such sensor
may be used with being exposed to a high-temperature and high-pressure gas. Therefore, a problem on reliability of
the sensor itself occurs, in other words, a sensor that can be reliably used in high-temperature and high-pressure
atmospheres is required.
[0009] So, as a method for detecting the position of the mover, Japanese Unexamined Patent Publication No.Hei.
8-508558 proposes a method of directly measuring driving current and voltage that are supplied to the linear vibration
motor, and deriving the position of the mover on the basis of the measured values, without using a position sensor
placed in the linear vibration motor.
[0010] Hereinafter, a description will be given of the mover position detection method used for a linear vibration
motor, which is described in the above-mentioned application. The linear vibration motor described in this application
is applied to a linear compressor. Therefore, this application describes a case where a mover that reciprocates within
a cylinder so as to compress gas in the cylinder constituting the linear compressor is prevented from colliding against
a cylinder head.
[0011] Figure 13 is a diagram illustrating an equivalent circuit of a linear vibration motor in which a mover reciprocates.
[0012] In figure 13, L indicates an equivalent inductance [H] of a coil as a component of the linear vibration motor,
and R indicates an equivalent resistor [Ω] of the coil. V indicates an instantaneous voltage [V] applied to the linear
vibration motor, and I indicates a current [A] applied to the linear vibration motor. Further, α 3 v indicates a induced
electromotive voltage [V] which is generated when the linear motor is driven, wherein α is a thrust constant [N/A] of
the linear vibration motor, and v is an instantaneous velocity [m/s] of the linear vibration motor.
[0013] Here, the thrust constant α of the linear vibration motor indicates a force [N] which is generated when a unit
current [A] is passed through the linear vibration motor. While the unit of the thrust constant α is expressed by [N/A],
this unit is equivalent to [Wb/m] or [V·s/m].
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[0014] The equivalent circuit shown in figure 13 is derived from the Kirchhoff's low, and an instantaneous velocity v
[m/s] of the mover of the linear vibration motor is obtained from the equivalent circuit.
[0015] That is, under the driving state of the linear motor, the voltage (V) applied to the linear vibration motor is
balanced with the sum of a dropped voltage (I3R)[V] due to the equivalent resistance of the coil of the linear vibration
motor, a dropped voltage (L·dI/dt) [V] due to the equivalent inductance of the coil, and the induced electromotive voltage
(α3v)[V] generated when driving the linear vibration motor, and the following formula (1) is derived.

[0016] The coefficients α[N/A], R[Ω], and L[H] used in formula (1) are constants unique to the motor, and these
constants are known values. Accordingly, the instantaneous velocity v[m/s] can be obtained from these constants and
the applied voltage V[V] and current I[A] which are measured, on the basis of formula (1).
[0017] Further, the mover displacement (a distance from an undefined reference position to the mover) x[m] is ob-
tained by time integration of the instantaneous velocity v[m/s] as shown by the following formula (2). In formula (2),
the constant Const. is a mover displacement at the start of integration.

[0018] As described above, in the mover position detection method as proposed in the above application, the meas-
ured value V of the applied voltage and the measured value I of the applied current associated with the linear vibration
motor are subjected to arithmetic processing including differentiation based on formula (1) to obtain the instantaneous
velocity v of the mover, and further, the instantaneous velocity v is subjected to arithmetic processing including inte-
gration based on formula (2), whereby the mover displacement x can be obtained.
[0019] However, the mover displacement x obtained by the arithmetic processing based on formulae (1) and (2) is
a displacement with respect to a certain position on the mover axis, and a distance from the cylinder head which may
be collided by the mover to the mover top dead point cannot be obtained directly from the displacement x.
[0020] To be more specific, when the compressor to which the linear vibration motor is applied is under loaded
condition, the mover center position (mover amplitude center position) in the mover reciprocating motion is offset with
respect to the mover neutral position (i.e., the mover amplitude center position when the pressure in the compression
chamber is equal to the back pressure) due to the pressure of a cooling medium gas, and the mover reciprocates
around the offset mover amplitude center position. In other words, the mover displacement x obtained by formula (2)
includes an average component corresponding to the degree of the offset.
[0021] However, every actual analog or digital integrator does not perform ideal integration processing for outputting
a perfect response signal with respect to a constant or a DC input, but it is restricted in responding to a DC input.
Therefore, an actual integrator cannot subject the mover displacement x to integration processing in which its average
component is reflected. The reason why the DC response of the actual integrator is restricted is because the output
of the integrator should be prevented from being saturated by unavoidable DC components in the input signal.
[0022] As a result, the mover displacement x[m] obtained by the integration processing based on formula (2) using
the actual integrator is not a displacement from which an actual distance between the mover and the housing cannot
be obtained directly, but a displacement simply indicating the mover position with reference to a certain point on the
mover axis.
[0023] Therefore, the mover displacement x[m] obtained from formula (2) is converted into a mover displacement x'
indicating a mover position with respect to the mover amplitude center position. Further, using the converted mover
displacement x', arithmetic processing for obtaining a mover displacement with reference to the cylinder head, which
indicates the mover amplitude center position, is carried out.
[0024] Hereinafter, these arithmetic processings will be described in more detail.
[0025] Figure 14 is a diagram schematically illustrating the mover position in the linear vibration motor.
[0026] Initially, three coordinate systems shown in figure 14, i.e., a first coordinate system X, a second coordinate
system X', and a third coordinate system X", will be briefly described.
[0027] The first coordinate system X is a coordinate system expressing the mover displacement x and it has, as an
origin (x=0), a certain point Paru on the mover axis. Accordingly, the absolute value of the displacement x indicates
the distance from the point Paru to the mover front end position P.
[0028] The second coordinate system X' is a coordinate system expressing the mover displacement x' and it has,
as an origin (x' =0), the mover amplitude center position Pav. Accordingly, the absolute value of the displacement x'
indicates the distance from the amplitude center position Pav to the mover front end position P.

x = ∫vdt + Const Formula (2)
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[0029] The third coordinate system X" is a coordinate system expressing the mover displacement x" and it has, as
an origin (x"=0), the cylinder head position Psh on the mover axis. Accordingly, the absolute value of the displacement
x" indicates the distance from the cylinder head position Psh to the mover front end position P.
[0030] Next, an arithmetic operation for obtaining the mover displacement x" will be described.
[0031] A mover position (mover top dead point position) Ptd in which the mover is closest to the cylinder head is
indicated by a displacement xtd on the first coordinate system X, and a mover position (mover bottom dead point
position)Pbd in which the mover is farthest from the cylinder head is indicated by a displacement xbd on the first
coordinate system X. Then, a mover stroke Lps[m] is obtained from a difference between the displacement xtd corre-
sponding to the mover top dead point position Ptd on the first coordinate system X and the displacement xbd corre-
sponding to the mover bottom dead point position Pbd on the first coordinate system X.
[0032] Further, the mover amplitude center position Pav in the state where the mover is reciprocating is a position
which is apart from the displacement xtd of the mover position (mover top dead point position) Ptd in which the mover
is the closest to the cylinder head, by a length (Lps/2) equal to half the mover stroke Lps[m], away from the cylinder
head. Accordingly, the mover amplitude center position Pav is expressed by a displacement xav (=(xbd-xtd)/2) on the
first coordinate system X.
[0033] Further, when the constant Const. in formula (2) is 0, a new function that indicates the mover front end position
P by the mover displacement x'[m] is derived with the mover amplitude center position Pav as a reference (origin), in
other words, on the second coordinate system X'.
[0034] Subsequently, a description will be given of a method for obtaining the mover displacement xav" indicating a
distance from the cylinder head position Psh to the mover amplitude center position Pav on the third coordinate system
X" with the cylinder head position Psh as an origin.
[0035] Under the state where the linear compressor draws in a cooling medium gas (suction state), i.e., under the
state where the inlet valve is open, both of the pressure in the compression chamber and the pressure on the back of
the mover are equal to the cooling medium inlet pressure. This is because the linear compressor is constructed so that
the differential pressure becomes zero under the state where the inlet valve is open. In this state, a force from the
pressure of the cooling medium that acts on the mover can be ignored. That is, in this state, the forces acting on the
mover are only the repulsive force of the spring that is generated by bending of the support spring and the electromag-
netic force that is generated by applying a current to the linear vibration motor. According to the Newton's low of motion,
the sum of these forces is equal to the product of the total mass of the movable member that is moving, and its accel-
eration.
[0036] Accordingly, under this state, the following formula (3) holds as an equation of motion relating to the movable
member.

[0037] In formula (3), m is the total mass [kg] of the movable member that is reciprocating, a is the instantaneous
acceleration [m/s/s] of the movable member, and k is the spring constant [N/m] of the support spring that is incorporated
in the linear vibration motor. Further, xav" is the above-mentioned displacement on the third coordinate system X",
which indicates the mover amplitude center position, and the absolute value of this displacement xav" expresses the
distance from the cylinder head position Psh to the mover amplitude center position Pav. Further, xini" is the displace-
ment on the third coordinate system X", which indicates the mover neutral position Pini, and the absolute value of this
displacement xini" expresses the distance [m] between the mover neutral position (the position of the mover in the
state where the support spring is not deformed) Pini and the cylinder head position Psh.
[0038] Here, the instantaneous acceleration a [m/s/s] is obtained as shown in the following formula (4), by differen-
tiating the instantaneous velocity v[m/s] given by formula (1).

[0039] Furthermore, the displacement x'[m] on the second coordinate system X' , which indicates the distance from
the mover amplitude center position Pav to the mover front end position P, is obtained by setting the constant Const.
in formula (2) at 0.
[0040] Furthermore, the total mass m[kg] of the movable member, the spring constant k[N/m] of the support spring,
and the displacement xini"[m] on the third coordinate system X", which indicates the distance from the cylinder head
position Psh to the mover neutral position Pini, are known values, and the driving current I can be a measured value.
[0041] Accordingly, the displacement xav" on the third coordinate system X", which indicates the distance from the
cylinder head position Psh to the mover amplitude center position Pav, can be calculated using formula (3).

m 3 a = a 3 I - k(x '+xav"-xini") Formula (3)

a = dv
dt

-------- Formula (4)
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[0042] Further, the displacement xtd"[m] on the third coordinate system X", which indicates the top dead point position
of the mover (the position where the mover is closest to the cylinder head) Ptd, can be obtained as a displacement in
a position which is apart from the displacement xav" on the third coordinate system X" obtained by formula (3) (the
distance from the cylinder head position Psh to the mover amplitude center position Pav), by a distance equal to half
the already-obtained mover stroke Lps[m] (=Lps/2), toward the cylinder head.
[0043] In this way, the mover stroke length Lps[m], and the displacement xtd" on the third coordinate system X",
which indicates the mover top dead point position Ptd as a distance from the cylinder head position Psh, are calculated
from the current I and the voltage V which are applied to the linear vibration motor.
[0044] However, as the motor thrust constant α employed in the arithmetic operation is decided on the basis of
characteristics of the magnet that is used in the linear vibration motor, the result of the arithmetic operation may include
an error due to dispersion among units, variations with time, changes caused by heat, and the like.
[0045] More specifically, when the motor thrust constant α varies by 10%, the calculated mover stroke varies by
more than 10%. In such case, in order to avoid the collision between the mover and the cylinder head on the basis of
the position of the mover calculated by the arithmetic operation using the above-mentioned formulae, a margin of 10%
or more should be given to the clearance between the mover and the cylinder head. Accordingly, the stroke of the
mover cannot be enlarged up to a position in which the mover approaches a collision critical position of the mover (i.
e., a position where the mover contacts the cylinder head), which has been calculated by the arithmetic operation.

SUMMARY OF THE INVENTION

[0046] The present invention has for its object to provide a motor driving apparatus which can calculate the motor
thrust constant according to its operation state, thereby detecting the position of the mover with high accuracy.
[0047] Other objects and advantages of the invention will become apparent from the detailed description that follows.
The detailed description and specific embodiments described are provided only for illustration since various additions
and modifications within the spirit and scope of the invention will be apparent to those of skill in the art from the detailed
description.
[0048] According to a 1st aspect of the present invention, there is provided a motor driving apparatus for driving a
linear vibration motor having a mover which is reciprocatably provided and a spring member which supports the mover,
including: a motor driver having an operating mode for applying a driving voltage to the linear vibration motor so as to
activate an operation of the motor, and a non-operating mode for applying a DC voltage to the linear vibration motor
so as to generate a thrust of the mover; a thrust information output unit for outputting thrust information indicating the
thrust of the mover, which is generated by the application of the DC voltage to the linear vibration motor; a thrust
constant calculation unit for calculating a motor thrust constant of the linear vibration motor by performing an arithmetic
operation of dividing the thrust indicated by the thrust information, by a DC current that is supplied to the linear vibration
motor due to the application of the DC voltage to the linear vibration motor; and a mover position calculation unit for
performing position calculation for obtaining the position of the mover on the basis of the calculated motor thrust con-
stant. Therefore, the arithmetic operation for calculating the position of the mover can be carried out with high precision
by using an accurate motor thrust constant.
[0049] That is, according to the conventional method in which a fixed motor thrust constant is used at the position
calculation for obtaining the mover position, the accuracy of the mover position that is obtained by the position calcu-
lation is low due to variations in the thrust constant among different linear vibration motors, while according to the
present invention, the motor thrust constant is calculated for each linear vibration motor, whereby the position calcu-
lation can be performed without being affected by the variations in the thrust constant among different linear vibration
motors. In other words, it is possible to use an accurate value of the motor thrust constant corresponding to each linear
vibration motor at the position calculation, thereby increasing the precision in the position calculation.
[0050] In addition, according to the present invention, the processing for calculating the motor thrust constant is
performed after assembly of the linear vibration motor. Accordingly, the following effect is also achieved with relative
to the case where the calculation of the motor thrust constant is performed at the assembly of the linear vibration motor.
[0051] That is, in the method of deciding the motor thrust constant that is used at the calculation of the mover position
at the assembly of the linear vibration motor, complicated processes for correcting the motor thrust constant are further
required at the time of assembly, and also the linear vibration motor for which the motor thrust constant has been
decided is combined with a driving apparatus which has been adapted to the decided thrust constant. Consequently,
when either the motor or the driving apparatus is broken, both should be changed.
[0052] In contrast, according to the present invention, the processing for calculating the motor thrust constant is
performed after the assembly of the linear vibration motor. Therefore, the processes for correcting the motor thrust
constant at the assembly are not required. In addition, as the motor thrust constant is decided in the state where the
driving apparatus is combined with the linear vibration motor, even when either the linear vibration motor or the driving
apparatus is broken, the thrust constant can be decided after the broken member is changed, whereby all that is needed
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is the changing of the broken member.
[0053] According to a 2nd aspect of the present invention, the motor driving apparatus of the 1st aspect further
includes: a moving distance detection unit for detecting a distance by which the mover has moved as a result of the
application of the DC voltage to the linear vibration motor, and the thrust information output unit deciding the mover
thrust that is generated by the application of the DC voltage to the linear vibration motor, according to an arithmetic
operation of multiplying the moving distance of the mover, detected by the moving distance detection unit, by a spring
constant of the spring member, and outputting thrust information which indicates the decided mover thrust. Therefore,
it is possible to calculate the motor thrust constant only by detecting the moving distance of the mover, whereby the
calculation of the motor thrust constant can be achieved by a simple structure.
[0054] Further, the calculation of the mover position is performed in the state where the mover is approximately
standing still, whereby it is possible to utilize a simple position sensor that has not so high frequency characteristics.
[0055] According to a 3rd aspect of the present invention, the motor driving apparatus of the 1st aspect further
includes: a mover position detection unit that, when the mover has arrived at a prescribed position that is a predeter-
mined distance away from a neutral position in which a spring force of the spring member does not act on the mover,
outputs a detection signal indicating that the mover has arrived at the prescribed position, in which, when receiving
the detection signal, the thrust information output unit outputs the thrust information indicating the mover thrust that is
balanced with the spring force of the spring member, which is generated by the application of the DC voltage to the
linear vibration motor and acts on the mover that is located at the prescribed position. Therefore, it is possible to
calculate the motor thrust constant only by detecting that the mover has arrived at a predetermined position as a result
of the application of the DC voltage to the linear vibration motor, whereby the calculation of the thrust constant can be
achieved by a simple structure.
[0056] Further, according to the present invention, the state of the mover to be detected is whether the mover is
located at a predetermined position or not, in other words, whether the status value of the mover is 0 or 1. Therefore,
it is possible to realize the predetermined position arrival detection unit by a simple sensor.
[0057] According to a 4th aspect of the present invention, in the motor driving apparatus of any of the 1st to 3rd
aspects, the motor driver temporarily changes its mode to the non-operating mode at a start of the operation of the
linear vibration motor so as to calculate the motor thrust constant, and the mover position calculation unit performs the
position calculation for obtaining the mover position during the operation of the linear vibration motor, using the motor
thrust constant calculated in the non-operating mode at the start of the operation of the linear vibration motor. Therefore,
it is possible to use an accurate motor thrust constant corresponding to each linear vibration motor at the calculation
of the mover position, thereby increasing the precision in the calculation of the mover position.
[0058] Further, according to this invention, the processing of calculating the motor thrust constant is performed before
the operation of the linear vibration motor. Therefore, the arithmetic operation for calculating the mover position is
performed always using a motor thrust constant in the latest state of the linear vibration motor. Accordingly, even when
the motor thrust constant varies with time, position calculation with high precision can be achieved.
[0059] According to a 5th aspect of the present invention, in the motor driving apparatus of any of the 1st to 3rd
aspects, the motor driver temporarily changes its mode to the non-operating mode at an end of the operation of the
linear vibration motor so as to calculate the motor thrust constant, and the mover position calculation unit performs the
position calculation for obtaining the mover position during the operation of the linear vibration motor, using the motor
thrust constant calculated in the non-operating mode at the end of the previous operation. Therefore, the processing
for calculating the motor thrust constant is performed immediately after the end of the operation of the linear vibration
motor. That is, the position calculation for obtaining the mover position is performed always using the motor thrust
constant in the latest state of the linear vibration motor. Accordingly, even when the motor thrust constant varies with
time, it is possible to achieve high precision position calculation.
[0060] In addition, according to the present invention, the calculation of the motor thrust constant is performed im-
mediately after the end of the operation of the linear vibration motor. Therefore, the motor thrust constant is calculated
in the state where the motor temperature is approximately equal to the actual temperature at the time when the linear
vibration motor has been operating. That is, while the motor thrust constant varies with time, it is possible to obtain an
accurate motor thrust constant at the operation of the linear vibration motor, by calculating the thrust constant at the
temperature when the motor is actually operating. Accordingly, the position calculation for obtaining the mover position
can be achieved with high precision.
[0061] Further, according to this invention, the calculation of the motor thrust constant is performed after the halt of
the operation of the linear vibration motor. Therefore, it is possible to calculate the motor thrust constant without hin-
dering the operation of the linear vibration motor.
[0062] According to a 6th aspect of the present invention, the motor driving apparatus of any of the 1st to 3rd aspects
further includes: a temperature detection unit for detecting a temperature of the linear vibration motor; and a motor
thrust constant estimation unit for estimating a motor thrust constant that is used at the position calculation for obtaining
the mover position during the operation of the linear vibration motor, on the basis of the motor thrust constant calculated
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by the thrust constant calculation unit and the temperature detected by the temperature detection unit, in which the
motor driver temporarily changes its mode to the non-operating mode at a start or end of the operation of the linear
vibration motor, or at the start and end of the operation, so as to calculate the motor thrust constant, and the motor
thrust constant estimation unit, when the linear vibration motor is not operating, derives a relationship between the
temperature of the linear vibration motor and the motor thrust constant on the basis of the motor thrust constant cal-
culated in the non-operating mode and the temperature at that calculation of the motor thrust constant, detected by
the temperature detection unit, and, when the linear vibration motor is operating, estimates the motor thrust constant
in the operating state of the linear vibration motor, from the derived relationship between the temperature of the linear
vibration motor and the motor thrust constant on the basis of the temperature detected by the temperature detection
unit, and the mover position calculation unit performs the position calculation for obtaining the mover position during
the operation of the linear vibration motor, using the estimated motor thrust constant. Therefore, it is possible to use
an accurate motor thrust constant at the calculation of the mover position in the state where the linear vibration motor
is operating, thereby increasing the precision in the calculation of the mover position.
[0063] Further, according to the present invention, the motor thrust constant of the linear vibration motor in the op-
erating state is estimated from the motor temperature at a time when the linear vibration motor is actually operating.
Therefore, even when variations in the temperature of the linear vibration motor are great, the calculation of the mover
position can be achieved with high precision by using an accurate thrust constant.
[0064] According to a 7th aspect of the present invention, there is provided an air conditioner equipped with a com-
pressor which has a cylinder and a piston, and compresses a liquid in the cylinder by a reciprocating motion of the
piston, and the air conditioner includes a linear vibration motor for making the piston reciprocate, having a mover which
is reciprocatably provided and a spring member which supports the mover; and a motor driving unit for driving the
linear vibration motor, which motor driving unit is a motor driving apparatus as defined in any of the 1st to 6th aspects.
Therefore, friction loss can be reduced as compared with a conventional rotation-type motor, and further, sealability of
the refrigerant between the high-pressure side and the low-pressure side is increased, whereby efficiency of the com-
pressor is enhanced. Moreover, since friction loss is reduced, the amount of lubricating oil that is indispensable in the
rotation-type motor can be significantly reduced. Thereby, recyclability is enhanced, and the amount of refrigerant to
be filled in the compressor is reduced because the amount of refrigerant that dissolves into the oil is reduced, resulting
in a contribution to conservation of global environment. Further, the motor driving apparatus calculates the motor thrust
constant in the non-operating mode of the linear vibration motor and then calculates the position of the mover of the
linear vibration motor using the calculated motor thrust constant in the operating mode of the linear vibration motor.
Therefore, it is possible to detect the position of the piston with high accuracy during the operation of the linear com-
pressor. Accordingly, the clearance between the piston and the cylinder head can be reduced, resulting in miniaturi-
zation of the linear compressor, which leads to miniaturization of the air conditioner.
[0065] According to an 8th aspect of the present invention, there is provided a refrigerator equipped with a compressor
which has a cylinder and a piston, and compresses a liquid in the cylinder by a reciprocating motion of the piston, and
the refrigerator includes a linear vibration motor for making the piston reciprocate, having a mover which is reciprocat-
ably provided and a spring member which supports the mover; and a motor driving unit for driving the linear vibration
motor, which motor driving unit is a motor driving apparatus as defined in any of the 1st to 6th aspects. Therefore,
friction loss can be reduced as compared with a conventional rotation-type motor, and further, sealability of the refrig-
erant between the high-pressure side and the low-pressure side is increased, whereby efficiency of the compressor
is enhanced. Moreover, since friction loss is reduced, the amount of lubricating oil that is indispensable in the rotation-
type motor can be significantly reduced. Thereby, recyclability is enhanced, and the amount of refrigerant to be filled
in the compressor is reduced because the amount of refrigerant that dissolves into the oil is reduced, resulting in a
contribution to conservation of global environment. Further, the motor driving apparatus calculates the motor thrust
constant in the non-operating mode of the linear vibration motor and then calculates the position of the mover of the
linear vibration motor using the calculated motor thrust constant in the operating mode of the linear vibration motor.
Therefore, it is possible to detect the position of the piston with high accuracy during the operation of the linear com-
pressor. Accordingly, the clearance between the piston and the cylinder head can be reduced, resulting in miniaturi-
zation of the linear compressor, which leads to miniaturization of the refrigerator.
[0066] According to a 9th aspect of the present invention, there is provided a cryogenic freezer equipped with a
compressor which has a cylinder and a piston, and compresses a liquid in the cylinder by a reciprocating motion of
the piston, and the cryogenic freezer includes a linear vibration motor for making the piston reciprocate, having a mover
which is reciprocatably provided and a spring member which supports the mover; and a motor driving unit for driving
the linear vibration motor, which motor driving unit is a motor driving apparatus as defined in any of the 1st to 6th
aspects. Therefore, friction loss can be reduced as compared with a conventional rotation-type motor, and further,
sealability of the refrigerant between the high-pressure side and the low-pressure side is increased, whereby efficiency
of the compressor is enhanced. Moreover, since friction loss is reduced, the amount of lubricating oil that is indispen-
sable in the rotation-type motor can be significantly reduced. Thereby, recyclability is enhanced, and the amount of
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refrigerant to be filled in the compressor is reduced because the amount of refrigerant that dissolves into the oil is
reduced, resulting in a contribution to conservation of global environment. Further, the motor driving apparatus calcu-
lates the motor thrust constant in the non-operating mode of the linear vibration motor and then calculates the position
of the mover of the linear vibration motor using the calculated motor thrust constant in the operating mode of the linear
vibration motor. Therefore, it is possible to detect the position of the piston with high accuracy during the operation of
the linear compressor. Accordingly, the clearance between the piston and the cylinder head can be reduced, resulting
in miniaturization of the linear compressor, which leads to miniaturization of the cryogenic freezer.
[0067] According to a 10th aspect of the present invention, there is provided a hot-water supply unit equipped with
a compressor which has a cylinder and a piston, and compresses a liquid in the cylinder by a reciprocating motion of
the piston, and the hot-water supply unit includes a linear vibration motor for making the piston reciprocate, having a
mover which is reciprocatably provided and a spring member which supports the mover; and a motor driving unit for
driving the linear vibration motor, which motor driving unit is a motor driving apparatus as defined in any of the 1st to
6th aspects. Therefore, friction loss can be reduced as compared with a conventional rotation-type motor, and further,
sealability of the refrigerant between the high-pressure side and the low-pressure side is increased, whereby efficiency
of the compressor is enhanced. Moreover, since friction loss is reduced, the amount of lubricating oil that is indispen-
sable in the rotation-type motor can be significantly reduced. Thereby, recyclability is enhanced, and the amount of
refrigerant to be filled in the compressor is reduced because the amount of refrigerant that dissolves into the oil is
reduced, resulting in a contribution to conservation of global environment. Further, the motor driving apparatus calcu-
lates the motor thrust constant in the non-operating mode of the linear vibration motor and then calculates the position
of the mover of the linear vibration motor using the calculated motor thrust constant in the operating mode of the linear
vibration motor. Therefore, it is possible to detect the position of the piston with high accuracy during the operation of
the linear compressor. Accordingly, the clearance between the piston and the cylinder head can be reduced, resulting
in miniaturization of the linear compressor, which leads to miniaturization of the hot-water supply unit.
[0068] According to an 11th aspect of the present invention, there is provided a handy phone equipped with a linear
vibration motor for generating vibration, and a motor driving unit for driving the linear vibration motor, wherein the linear
vibration motor having a mover which is reciprocatably provided, and a spring member which supports the mover; and
the motor driving unit is a motor driving apparatus as defined in any of the 1st to 6th aspects. Therefore, vibration can
be informed to the outside with the two decrees of freedom, i.e., the number of vibrations and the amplitude (vibration),
whereby variations of vibration patterns can be increased as compared with the case where vibration is generated
using the conventional rotation-type motor. Further, the motor driving apparatus calculates the motor thrust constant
in the non-operating mode of the linear vibration motor and then calculates the position of the mover using the calculated
motor thrust constant in the operating mode of the linear vibration motor. Therefore, it is possible to detect the position
of the mover with high accuracy during the operation of the linear vibration motor. Accordingly, the clearance between
the mover and its peripheral member can be reduced, resulting in miniaturization of the linear vibration motor, which
leads to miniaturization of the handy phone.

BRIEF DESCRIPTION OF THE DRAWINGS

[0069]

Figure 1 is a block diagram for explaining a motor driving apparatus 101a according to a first embodiment of the
present invention.
Figure 2 is a flowchart for explaining an operation of the motor driving apparatus 101a according to the first em-
bodiment.
Figure 3 is a block diagram for explaining a motor driving apparatus 101b according to a second embodiment of
the present invention.
Figure 4 is a flowchart for explaining an operation of the motor driving apparatus 101b according to the second
embodiment.
Figure 5 is a block diagram for explaining a motor driving apparatus 101c according to a third embodiment of the
present invention.
Figure 6 is a flowchart for explaining an operation of the motor driving apparatus 101c according to the third em-
bodiment of the present invention.
Figure 7 is a block diagram for explaining a motor driving apparatus 101d according to a fourth embodiment of the
present invention.
Figure 8 is a flowchart for explaining an operation of the motor driving apparatus 101d according to the fourth
embodiment.
Figure 9 is a block diagram for explaining a motor driving apparatus 101e according to a fifth embodiment of the
present invention.
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Figure 10 is a flowchart for explaining an operation of the motor driving apparatus 101e according to the fifth
embodiment.
Figure 11 is a block diagram for explaining a motor driving apparatus 101f according to a sixth embodiment of the
present invention.
Figure 12 is a flowchart for explaining an operation of the motor driving apparatus 101f according to the sixth
embodiment.
Figure 13 is a diagram illustrating an equivalent circuit of a linear vibration motor according to the present invention
and the prior art.
Figure 14 is a schematic diagram for explaining processing for calculating the position of the mover in the linear
vibration motor using an equation of motion.
Figure 15 is a schematic diagram for explaining a motor driving apparatus 207 according to a seventh embodiment
of the present invention.
Figure 16 is a schematic diagram for explaining an air conditioner 208 according to an eighth embodiment of the
present invention.
Figure 17 is a schematic diagram for explaining a refrigerator 209 according to a ninth embodiment of the present
invention.
Figure 18 is a schematic diagram for explaining a cryogenic freezer 210 according to a tenth embodiment of the
present invention.
Figure 19 is a schematic diagram for explaining a hot-water supply unit 211 according to an eleventh embodiment
of the present invention.
Figure 20 is a schematic diagram for explaining a handy phone 212 according to a twelfth embodiment of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0070] Hereinafter, embodiments of the present invention will be described.

[Embodiment 1]

[0071] Figure 1 is a block diagram for explaining a motor driving apparatus 101a according to a first embodiment of
the present invention.
[0072] The motor driving apparatus 101a according to the first embodiment drives a linear vibration motor 100 having
a stator, a mover, and a spring member which supports the mover so as to form a spring vibration system including
the mover, at a driving frequency corresponding to a required motor output. This motor driving apparatus 101a performs
position calculation for obtaining the position of the mover on the basis of a driving current and a driving voltage, using
a motor thrust constant of the linear vibration motor 100, and controls the driving of the linear vibration motor according
to the obtained position of the mover. Here, the driving frequency of the linear vibration motor is a vibration frequency
of the spring vibration system. Further, the stator comprises an electromagnet that is obtained by winding a coil around
an iron core, and the mover comprises a permanent magnet.
[0073] More specifically, the motor driving apparatus 101a includes a motor driver 1a for driving/controlling the linear
vibration motor 100 on the basis of position information Ix which indicates the position Xcul of the mover. The motor
driver 1a has two modes, i.e., an operating mode in which the driving voltage is applied to the linear vibration motor
100 so as to activate the linear vibration motor 100, and a non-operating mode in which a DC voltage Vdc is applied
to the linear vibration motor 100 so as to generate a thrust of the mover.
[0074] The motor driving apparatus 101a further includes a thrust information output unit 3a (hereinafter, referred to
as a thrust detection unit 3a) for detecting a thrust Fthr of the mover that is generated by the DC voltage Vdc applied
from the motor driver 1a to the linear vibration motor 100, and outputting thrust information If which indicates the
detected thrust Fthr. Here, the thrust Fthr of the mover corresponds to an electromagnetic force that acts on the mover
due to application of the DC voltage Vdc to the linear vibration motor 100.
[0075] The motor driving apparatus 101a further includes a thrust information calculation unit 4a (hereinafter, referred
to as a thrust constant decision unit 4a) that has a current sensor 4a1 for detecting a current supplied to the linear
vibration motor 100, and decides the motor thrust constant α of the linear vibration motor 100 by an arithmetic operation
of dividing the thrust Fthr of the mover generated by the application of the DC voltage Vdc to the linear vibration motor
100, by the DC current Idc that is supplied to the linear vibration motor due to the application of the DC voltage Vdc to
the linear vibration motor 100, on the basis of the thrust information If and an output Csns from the current sensor, and
outputs thrust constant information Iα which indicates the decided thrust constant α.
[0076] The motor driving apparatus 101a further includes a mover position calculation unit 2a for performing position
calculation of calculating the position of the mover from the driving current and the driving voltage of the linear vibration
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motor, using the thrust constant α indicated by the thrust constant information I α.
[0077] Hereinafter, the motor driver 1a, the mover position calculation unit 2a, the thrust detection unit 3a, and the
thrust constant decision unit 4a, which are constituents of the motor driving apparatus 101a, will be described in more
detail.
[0078] When the operation mode is the operating mode, the motor driver 1a receives a supply voltage (not shown),
and applies a driving voltage to the linear vibration motor 100 to drive the linear vibration motor 100. Normally, an AC
voltage Vac is applied to the linear vibration motor 100 as the driving voltage, and an AC current Iac is supplied to the
linear vibration motor 100 as the driving current. When the AC voltage Vac is applied as the driving voltage to the linear
vibration motor 100, the mover reciprocates at a frequency that is the same as the frequency of the AC voltage Vac.
When the DC voltage Vdc is applied to the linear vibration motor 100, the mover is subjected to some electromagnetic
force, whereby a thrust Fthr of the mover is generated. In addition, the motor driver 1a decides the level (peak value)
of the driving voltage (AC voltage) Vac on the basis of a position signal Ix which indicates the position Xcul of the
mover. Further, the motor driver 1a has a control unit (not shown) for switching between a thrust constant calculation
mode (non-operating mode) in which the DC voltage Vdc is applied to the linear vibration motor so as to perform an
arithmetic operation for calculating the thrust constant α, and the operating mode in which the AC voltage Vac is applied
to the linear vibration motor 100 so as to perform the normal operation of the linear vibration motor 100.
[0079] The mover position calculation unit 2a obtains the position of the mover by an arithmetic operation during the
operation of the linear vibration motor 100, i.e., in the state where the mover is reciprocating.
[0080] As a specific method, there is employed the method for calculating the position of the mover according to the
motion equation for the linear vibration motor 100, as disclosed in Japanese Unexamined Patent Publication No.Hei.
8-508558 that has been described above as the prior art. In this case, the motor thrust constant α that is used in the
calculation of the mover position is decided by the thrust constant decision unit 4a.
[0081] The thrust detection unit 3a detects the thrust Fthr of the mover generated by the application of the DC voltage
Vdc to the linear vibration motor 100. To be more specific, the detection of the mover thrust can be performed by a
sensor for detecting a force, such as a pressure sensor or a strain gauge, which is attached to the mover or a part that
is contacted by the mover.
[0082] The thrust constant decision unit 4a decides the motor thrust constant α of the linear vibration motor 100 by
performing an arithmetic operation of dividing the thrust Fthr indicated by the thrust information If that is outputted from
the thrust detection unit 3a, by the value Idc(1) of the DC current Idc supplied from the motor driver 1a to the linear
vibration motor 100, and outputs thrust constant information I α which indicates the decided motor thrust constant α.
[0083] Here, the value Idc(1) of the DC current Idc that is used in the arithmetic operation for calculating the motor
thrust constant α is a current value at a time the thrust detection unit 3a has detected the motor thrust (electromagnetic
force exerted on the mover) Fthr. That is, in a case where a pressure sensor that is attached to the housing or the like
is employed as the thrust detection unit 3a, even when the DC current Idc is supplied to the linear vibration motor 100
and consequently the mover starts moving, the output from the pressure sensor (i.e., detected value of the electro-
magnetic force that is exerted on the mover) remains zero until the mover has arrived at the pressure sensor attached
to the housing. Therefore, the arithmetic operation for calculating the motor thrust should be performed with reference
to a current value Icont (=Idc(1)) at a time the output from the pressure sensor indicates that the electromagnetic force
F exerted on the mover has a value other than zero, in other words, when the mover contacts the pressure sensor that
is attached to the housing.
[0084] In addition, as the method for detecting the DC current Idc, there are considered, for example, a method that
utilizes a contactless type current sensor, a method that utilizes Shunt resistance, and a method by which the DC
current is calculated from the output voltage of the motor driver 1a and the coil resistance value of the linear vibration
motor 100.
[0085] Next, the operation of the motor driving apparatus will be described.
[0086] Figure 2 is a flowchart for explaining the operation of the motor driving apparatus 101a according to the first
embodiment. This figure shows an operation of the motor driving apparatus for calculating the thrust constant.
[0087] Initially, the operation of the motor driver 1a in the thrust constant calculation mode (non-operating mode) is
described.
[0088] The motor driver 1a applies the DC voltage Vdc to the linear vibration motor 100 under the control of the
control unit so that the DC current Idc is supplied to the linear vibration motor 100 (step S11).
[0089] The thrust detection unit 3a detects the electromagnetic force (mover thrust) Fthr that is exerted on the mover
of the linear vibration motor in the state where the value Idc(1) of the DC current Idc that is supplied to the linear
vibration motor 100 due to the application of the DC voltage Vdc is maintained (step S12).
[0090] The thrust constant decision unit 4a performs an arithmetic operation of dividing the mover thrust Fthr detected
in step S12, by the value Idc(1) of the DC current Idc passing through the linear vibration motor 100, thereby obtaining
a motor thrust constant α, to obtain thrust constant information Iα which indicates the motor thrust constant α (step S13).
[0091] Next, the operation of the motor driver 1a in the operating mode will be described.
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[0092] The motor driver 1a applies an AC voltage (driving voltage) Vac to the linear vibration motor 100 so that an
AC current (driving current) Iac is supplied to the linear vibration motor 100. Thereby, the normal operation of the linear
vibration motor 100 is started.
[0093] At this time, the mover position calculation unit 2a performs position calculation for obtaining the position of
the mover on the basis of the AC current (driving current) Iac and the AC voltage (driving voltage) Vac which are applied
to the motor driver 1a, using the motor thrust constant α obtained from steps S11 to S13, and outputs mover position
information Ix which indicates the calculated mover position Xcul to the motor driver 1a.
[0094] Then, the motor driver 1a controls the AC voltage Vac applied to the linear vibration motor 100 on the basis
of the mover position information Ix so that the mover that is reciprocating does not exceed its critical position.
[0095] As described above, the motor driving apparatus 101a according to the first embodiment for driving the linear
vibration motor 100 includes the motor driver 1a that applies the DC voltage Vdc to the linear vibration motor 100, and
the thrust detection unit 3a that detects the thrust of the mover which is generated by the application of the DC voltage
Vdc to the linear vibration motor 100. Accordingly, the motor driving apparatus 101a calculates the thrust constant α
of the linear vibration motor 100 on the basis of the DC current Idc that is supplied to the linear vibration motor 100
due to application of the DC voltage Vdc to the linear vibration motor and the thrust Fthr of the mover detected by the
thrust detection unit 3a. Therefore, a highly accurate mover position can be obtained by the position calculation using
the motor thrust constant.
[0096] That is, according to the conventional method that utilizes a fixed motor thrust constant at the position calcu-
lation for obtaining the position of the mover, the mover position that is obtained by the above-mentioned position
calculation has a low accuracy because of the dispersion in the thrust constants of respective linear vibration motors,
while according to this first embodiment, the motor thrust constant is calculated adaptively to each linear vibration
motor. Therefore, the position calculation can be performed without being affected by the dispersion in the thrust con-
stants of the respective linear vibration motors. That is, the motor thrust constant used in the position calculation can
be set at a proper value corresponding to the respective linear vibration motor, thereby increasing the accuracy of the
position calculation.
[0097] Accordingly, it is possible to control the position of the mover with accuracy while the linear vibration motor
is operating. Therefore, the clearance between the mover and the housing of the linear vibration motor can be reduced,
thereby realizing miniaturization of the linear vibration motor or power enhancement.
[0098] Further, in this first embodiment, the calculation of the motor thrust constant (steps S11 to S13) is performed
after assembly of the linear vibration motor to which the motor driving apparatus is connected. Therefore, as compared
with the case where the calculation of the motor thrust constant is performed during assembly of the linear vibration
motor to which the motor driving apparatus is not connected, the following effect is achieved.
[0099] That is, in the case of calculating the motor thrust constant during assembly of the linear vibration motor, the
calculated value of the motor thrust constant of each linear vibration motor needs to be held in the motor driving ap-
paratus that is to be combined with each linear vibration motor.
[0100] For example, in a motor driving apparatus that performs an arithmetic operation for obtaining the mover po-
sition by hardware, the default of the motor thrust constant is set at the calculated value of the motor thrust constant
of the linear vibration motor that is to be combined with the motor driving apparatus, by controlling the volume of an
active element such as a resistance. In addition, in a motor driving apparatus that performs the arithmetic operation
for obtaining the mover position by software, the default of the motor thrust constant which is stored in a microcomputer
is changed to the value of the motor thrust constant calculated at the assembly, or the default of the motor thrust
constant is set at the calculated value of the motor thrust constant by controlling the volume of the active element such
as a resistance.
[0101] Therefore, in the case of calculating the motor thrust constant at the assembly of the linear vibration motor,
the complicated processing for correcting the default of the motor thrust constant of the respective motor driving ap-
paratus at the assembly are required. In addition, when the motor driving apparatus is combined with the linear vibration
motor, the default of the motor thrust constant of the motor driving apparatus is set at the calculated value of the motor
thrust constant of the linear vibration motor with which the driving apparatus is combined. Therefore, even when one
of the motor and the driving apparatus is broken, both of these should be changed.
[0102] On the other hand, in the case of calculating the motor thrust constant after the assembly of the linear vibration
motor as in this first embodiment, the complicated processing for correcting the default of the motor thrust constant of
the motor driving apparatus are not required at the assembly. Further, the value of the motor thrust constant that is
held in the motor driving apparatus is set in the state where the driving apparatus is combined with the linear vibration
motor. Therefore, even when either the linear vibration motor or the driving apparatus is broken, it is possible to set
the motor thrust constant of the motor driving apparatus after the broken member is changed. In other words, when
one of the motor and the driving apparatus is broken, all that required is only changing of the broken member.
[0103] In this first embodiment, the processing of steps S11 to S13 is performed before starting the normal operation
of the linear vibration motor, while the processing of steps S11 to S13 may be performed after ending the normal
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operation of the linear vibration motor. This processing can be performed in any state so long as the linear vibration
motor is not operating. To be more specific, the processing of steps S11 to S13 is performed to calculate the motor
thrust constant in the state where the mover is not reciprocating, and the calculated value is stored in the microcomputer
or the like, thereby holding the calculated motor thrust constant.

[Embodiment 2]

[0104] Figure 3 is a block diagram illustrating a motor driving apparatus 101b according to a second embodiment of
the present invention.
[0105] The motor driving apparatus 101b according to the second embodiment is different from the motor driving
apparatus 101a only in that the apparatus 101b calculates the motor thrust constant α on the basis of a distance Xmea
by which the mover has moved due to application of an DC voltage Vdc to the linear vibration motor and the spring
constant of the spring member that supports the mover, and performs the position calculation for obtaining the position
of the mover on the basis of the calculated motor thrust constant.
[0106] More specifically, the motor driving apparatus 101b according to the second embodiment includes, in place
of the thrust detection unit 3a in the motor driving apparatus 101a according to the first embodiment, a moving distance
detection unit 5b for detecting a moving distance Xmea by which the mover has moved due to application of the DC
voltage Vdc to the linear vibration motor 100, and a thrust detection unit 3b for detecting a thrust Fthr of the mover
which is generated by the application of the DC voltage Vdc to the linear vibration motor on the basis of the detected
moving distance Xmea and the spring constant k of the spring member that supports the mover.
[0107] Hereinafter, the motor driver 1a, the mover position calculation unit 2a, the thrust constant decision unit 4a,
and the moving distance detection unit 5b, and the thrust detection unit 3b, which are constituents of the motor driving
apparatus 101b, will be described in more detail.
[0108] The motor driver 1a, the mover position calculation unit 2a, and the thrust constant decision unit 4a of the
motor driving apparatus 101b according to the second embodiment are equivalent to those in the motor driving appa-
ratus 101a according to the first embodiment.
[0109] In the thrust constant calculation mode (non-operating mode) , the motor driver 1a applies a DC voltage Vdc
of a prescribed level to the linear vibration motor 100 so that a DC current Idc is supplied to the linear vibration motor
100, while in the operating mode, the motor driver 1a applies an AC voltage Vac to the linear vibration motor 100 and
controls the level (peak value) of the AC voltage Vac according to the mover position calculated by the mover position
calculation unit 2a.
[0110] Further, the moving distance detection unit 5b detects the moving distance Xmea by which the mover has
moved due to the application of the DC voltage Vdc to the linear vibration motor in an approximately static state. This
unit can be constituted by a differential transformer having not so high frequency characteristics, or the like.
[0111] For example, as a method for measuring the displacement of the mover using a differential transformer, there
is considered a method by which a magnetic substance is attached to a part of the mover, and the differential transformer
is mounted on the housing of the linear vibration motor, thereby measuring the position where the magnetic substance
is the closest to the differential transformer by using the differential transformer, as the displacement of the mover.
[0112] Further, as a concrete method for measuring the displacement of the mover, in addition to the above-men-
tioned method that utilizes the differential transformer, there is also considered a method by which an area that acts
as a landmark, such as a concave or convex portion or a tapered portion, is formed in a part of the mover, and this
area is detected by a gap sensor, thereby measuring the displacement of the mover.
[0113] The thrust detection unit 3b obtains the thrust Fthr of the mover that is generated by the DC current Idc that
is supplied to the linear vibration motor 100, using an arithmetic operation of multiplying the moving distance Xmea of
the mover that is detected by the moving distance detection unit 5b by the spring constant k of the spring member
which is a constituent of the linear vibration motor 100.
[0114] Next, the operation of the motor driving apparatus will be described.
[0115] Figure 4 is a flowchart for explaining an operation of the motor driving apparatus 101b. This figure shows an
operation of the motor driving apparatus for calculating the thrust constant.
[0116] Initially, a description will be given of the operation of the motor driver 1a in the thrust constant calculation
mode.
[0117] The motor driver 1a applies a DC voltage Vdc of a prescribed level to the linear vibration motor 100 under
the control of the controller so that a DC current Idc is supplied to the linear vibration motor 100 (step S21).
[0118] The moving distance detection unit 5b detects a distance Xmea by which the mover has moved from its neutral
position where the spring force of the spring member does not act on the mover in a state where the value Idc(2) of
the DC current Idc supplied to the linear vibration motor 100 due to the application of the DC voltage Vdc is kept
constant, and outputs moving distance information Ixmea which indicates the detected moving distance Xmea (step
S22).
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[0119] The thrust detection unit 3b calculates the thrust Fthr of the mover which is generated by the application of
the DC voltage Vdc to the linear vibration motor 100, by multiplying the moving distance Xmea of the mover indicated
by the moving distance information Ixmea that is obtained from the moving distance detection unit 5b, by the spring
constant k of the spring member which is a constituent of the linear vibration motor 100, and outputs thrust information
If that indicates the calculated thrust Fthr (step S23).
[0120] Then, the thrust constant decision unit 4a calculates the motor thrust constant α by dividing the mover thrust
Fthr detected in step S23, by the value Idc(2) of the DC current Idc that is supplied to the linear vibration motor 100,
and outputs thrust constant information Iα which indicates the calculated thrust constant α (step S24).
[0121] The operation of the mover driver 1a in the operating mode is performed in the same manner as in the first
embodiment.
[0122] When the motor driver 1a applies the AC voltage Vac as a driving voltage to the linear vibration motor 100,
the normal operation of the linear vibration motor 100 is started.
[0123] While the linear vibration motor 100 is operating, the position calculation for obtaining the position of the mover
by the mover position calculation unit 2a is performed using the motor thrust constant α that is obtained from steps
S21 to S24. Then, the motor driver 1a controls the AC voltage Vac that is applied to the linear vibration motor 100
according to the mover position obtained by the position calculation.
[0124] As described above, the motor driving apparatus 101b for driving the linear vibration motor 100 according to
the second embodiment includes the motor driver 1a that applies the DC voltage Vdc to the linear vibration motor 100,
the moving distance detection unit 5b that detects the moving distance Xmea by which the mover has moved from the
neutral position as a result of the application of the DC voltage Vdc to the linear vibration motor 100, and the thrust
detection unit 3b that obtains the mover thrust Fthr that is generated by the application of the DC voltage Vdc to the
linear vibration motor 100 on the basis of the detected moving distance Xmea and the spring constant k of the spring
member. Accordingly, the motor driving apparatus 101b calculates the thrust constant α of the linear vibration motor
100 on the basis of the DC current Idc that is supplied to the linear vibration motor 100 by the application of the DC
voltage Vdc to the linear vibration motor, and the thrust Fthr of the mover obtained by the thrust detection unit 3b.
Therefore, it is possible to perform the calculation of the motor thrust constant α only by detecting the moving distance
Xmea of the mover, whereby the calculation of the thrust constant α can be achieved by a simple structure.
[0125] In addition, as the detection of the mover position is performed in the state where the mover is approximately
standing still, it is possible to utilize a simple position sensor that does not have such high frequency characteristics.

[Embodiment 3]

[0126] Figure 5 is a block diagram for explaining a motor driving apparatus 101c according to a third embodiment
of the present invention.
[0127] The motor driving apparatus 101c according to the third embodiment is different from the motor driving ap-
paratus 101a according to the first embodiment only in that the apparatus 101c calculates the motor thrust constant α
on the basis of a value Idc(3) of the DC current Idc when the mover has arrived at a predetermined position as a result
of application of the DC voltage Vdc to the linear vibration motor 100, and a drag that is required to keep the mover at
the predetermined position against the spring force of the spring member, and performs position calculation for obtaining
the mover position on the basis of the calculated motor thrust constant α.
[0128] That is, the motor driving apparatus 101c according to the third embodiment includes, as the motor driving
apparatus 101a according to the first embodiment, a mover position calculation unit 2a for calculating the position of
the mover while the linear vibration motor 100 is operating, and the motor driver 1a for driving/controlling the linear
vibration motor 100 according to the calculated mover position.
[0129] This motor driving apparatus 101c further includes a mover position detection unit (hereinafter, referred to as
a predetermined position arrival detection unit) 6c for detecting that the mover has arrived at a predetermined position
Pdet as a result of the application of the DC voltage Vdc to the linear vibration motor 100, and outputting a detection
signal Sp, and a thrust detection unit 3c for outputting information (thrust information) If indicating a drag that is required
to hold the mover against the spring force of the spring member so that the mover is located at the predetermined
position which is different from the neutral position. Here, the neutral position is a position where the spring force of
the spring member that supports the mover does not act on the mover.
[0130] The motor driving apparatus 101c further includes a thrust constant decision unit 4c having a current sensor
4cl that detects the current that is supplied to the linear vibration motor 100, for deciding the thrust constant α of the
linear vibration motor on the basis of the thrust information If from the thrust detection unit 3c, the detection signal Sp
from the predetermined position arrival detection unit 6c, and an output Csns from the current sensor 4cl, and outputting
thrust constant information Iα indicating the decided thrust constant α to the mover position calculation unit 2a.
[0131] Hereinafter, the motor driver 1a, the mover position calculation unit 2a, the thrust detection unit 3c, the thrust
constant decision unit 4c, and the predetermined position arrival detection unit 6c, which are constituents of the motor
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driving apparatus 101c, will be described in more detail.
[0132] The motor driver 1a and the mover position calculation unit 2a in the motor driving apparatus 101c according
to the third embodiment are equivalent to those in the motor driving apparatus 101a according to the first embodiment.
[0133] When the mover has moved from its neutral position to a predetermined position Pdet as a result of the
application of the DC voltage Vdc to the linear vibration motor 100, the predetermined position arrival detection unit
6c according to the third embodiment detects that the mover has arrived at the predetermined position Pdet. The
detection signal Sp as an output signal from the predetermined position arrival detection unit 6c is a binary signal
indicating that the mover has arrived at the predetermined position or that the mover does not arrive at the predeter-
mined position, using a binary value (i.e., signal value [1] or [0]).
[0134] For example, a Hall element that outputs a binary signal having a value of [1] or [0] is utilized as the prede-
termined position arrival detection unit 6c. Further, the predetermined position arrival detection unit 6c is not restricted
to the Hall element. The predetermined position arrival detection unit 6c can be designed so as to generate some
vibrations when the mover has arrived at the predetermined position. In this case, the thrust information decision unit
4c detects these vibrations.
[0135] Further, in the case of equipment in which the mover reciprocates within a cylinder, the arrival of the mover
to a predetermined position can be detected by detecting vibration generated by a contact between the cylinder head
and the mover. The contact between the mover and other member may be detected by a method in which a deformable
member, for example a needle-shaped metallic member having an elasticity, is fixed to a part of the linear vibration
motor, which does not move even when the mover is displaced, and vibration resulting from the contact between the
metallic member and the mover or a part such as a spring member that is displaced according to the motion of the
mover is detected. When such deformable member is utilized, the part of the linear vibration motor to which this de-
formable member is fixed is not restricted to a position where the mover constantly reaches during the operation, but
may be a position where the mover never reaches during the normal operation. By fixing the deformable member to
such position, the mover would contact the deformable member only when the thrust constant is detected during the
non-operating mode. Therefore, the deterioration of the deformable member due to the contact can be minimized,
thereby increasing the reliability. In this case, a common vibration sensor can be utilized as a sensor for detecting the
vibration resulting from the contact between the mover and the deformable member.
[0136] Here, the above-mentioned method for detecting that the mover has arrived at the predetermined position
detects the vibration resulting from the contact between the mover and the deformable member. However, this method
may detect an electric signal that is generated due to a contact between the mover and other member. As a specific
structure, there is conceived a switch that closes a contact point when the mover and other member contact.
[0137] Further, the thrust detection unit 3c outputs thrust information If which indicates, as the thrust Fthr of the
mover, a previously calculated drag that is required to hold the mover at the predetermined position other than the
neutral position against the spring force of the spring member which supports the mover. To be more specific, the thrust
indicated by the thrust information If from the thrust detection unit 3c is the product of the distance from the neutral
position (i.e., the position of the mover when no force is applied to the linear vibration motor) to the predetermined
position Pdet, and the spring constant k of the support spring which is a constituent of the linear vibration motor 100.
[0138] The thrust constant decision unit 4c detects a value Idc(3) of the DC current Idc that is supplied to the linear
vibration motor 100 when the detection signal Sp indicating that the mover has arrived at the predetermined position
is inputted from the predetermined position arrival detection unit 6c, then performs an arithmetic operation of dividing
the mover thrust Fthr indicated by the thrust information If that is outputted from the thrust detection unit 3c, by the
detected current value Idc(3) thereby to decide the motor thrust constant α, and outputs thrust constant information I
α which indicates the motor thrust constant α.
[0139] Next, the operation of the motor driving apparatus will be described.
[0140] Figure 6 is a flowchart for explaining the operation of the motor driving apparatus 101c according to the third
embodiment. This figure shows an operation of the motor driving apparatus for calculating the thrust constant.
[0141] Initially, a description will be given of the operation of the motor driver 1a in the thrust constant calculation
mode (non-operating mode).
[0142] Under the control of the control unit, the motor driver 1a applies the DC voltage Vdc to the linear vibration
motor 100 so that the DC current Idc is supplied to the linear vibration motor 100 (step S31). At this time, the level of
the DC current Idc supplied to the linear vibration motor 100 is increased gradually in stages.
[0143] Then, when the mover has arrived at the predetermined position Pdet as a result of the application of the DC
voltage Vdc, the predetermined position arrival detection unit 6c outputs a binary signal indicating that the mover has
arrived at the predetermined position, i.e., outputs a detection signal Sp having a value [1] (step S32).
[0144] Next, the thrust detection unit 3c outputs thrust information If which indicates, as the thrust Fthr of the mover,
a previously calculated drag that is required to keep the mover at the predetermined position against the spring force
of the spring member that supports the mover (step S33).
[0145] Further, the thrust constant decision unit 4c detects a value Idc(3) of the DC current Idc that is supplied to
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the linear vibration motor 100 when the detection signal Sp is inputted from the predetermined position arrival detection
unit 6c, then performs an arithmetic operation of dividing the thrust Fthr indicated by the thrust information If from the
thrust detection unit 3c by the current value Idc(3), thereby to decide the motor thrust constant α, and outputs thrust
constant information I α indicating the thrust constant α (step S34).
[0146] The operation of the mover driver 1a in the operating mode is the same as in the first or second embodiment.
[0147] That is, when the motor driver 1a applies the AC voltage Vac as a driving voltage to the linear vibration motor
100, the normal operation of the linear vibration motor 100 is started.
[0148] While the linear vibration motor 100 is operating, the position calculation for obtaining the mover position by
the mover position calculation unit 2a is performed using the motor thrust constant α obtained from steps S31 to S34,
and then the motor driver 1a controls the AC voltage Vac applied to the linear vibration motor 100 according to the
mover position obtained by the position calculation.
[0149] As described above, the motor driving apparatus 101c according to the third embodiment for driving the linear
vibration motor 100 includes the motor driver 1a which applies the DC voltage Vdc to the linear vibration motor 100,
the predetermined position arrival detection unit 6c which detects that the mover has arrived at the predetermined
position Pdet as a result of the application of the DC voltage Vdc to the linear vibration motor 100 and outputs the
detection signal Sp, and the thrust detection unit 3c that outputs the information (thrust information) If which indicates,
as the mover thrust Fthr, a drag that is required to hold the mover at the predetermined position Pdet against the spring
force of the spring member. Accordingly, this apparatus calculates the thrust constant α of the linear vibration motor
on the basis of the DC current Idc that is supplied to the linear vibration motor due to the application of the DC voltage
Vdc to the linear vibration motor 100, and the mover thrust indicated by the thrust information If from the thrust detection
unit 3c. Therefore, it is possible to calculate the motor thrust constant α only by detecting that the mover has arrived
at the predetermined position as a result of the application of the DC voltage Vdc to the linear vibration motor 100,
whereby the calculation of the thrust constant can be realized by a simple structure.
[0150] In addition, the motor driving apparatus 101c detects the state of the mover for detecting whether the mover
is located at the predetermined position Pdet or not. In other words, the motor driving apparatus is required to detect
whether the state amount is 0 or 1. Therefore, it is possible to constitute the predetermined position arrival detection
unit 6c by a simple sensor.

[Embodiment 4]

[0151] Figure 7 is a block diagram for explaining a motor driving apparatus 101d according to a fourth embodiment
of the present invention.
[0152] The motor driving apparatus 101d according to the fourth embodiment is different from the motor driving
apparatus 101a according to the first embodiment only in that the apparatus 101d calculates the thrust constant α of
the linear vibration motor 100 immediately before the operation of the linear vibration motor and, while the linear vi-
bration motor 100 is operating, performs position calculation for obtaining the position of the mover on the basis of the
motor thrust constant α that has been calculated immediately before the operation.
[0153] More specifically, the motor driving apparatus 101d according to the fourth embodiment includes, in place of
the motor driver 1a in the motor driving apparatus 101a according to the first embodiment, a motor driver 1d having
two modes, i.e., an operating mode for applying a driving voltage (AC voltage) Vac to the linear vibration motor 100
so as to activate the linear vibration motor 100, and a thrust constant calculation mode (non-operating mode) for ap-
plying the DC voltage Vdc to the linear vibration motor 100, which detects a start instruction Od1 of the linear vibration
motor 100 and temporarily goes into the thrust constant calculation mode at the start of the operation of the linear
vibration motor so as to calculate the motor thrust constant α. The motor driving apparatus 101d further includes a
control unit (not shown) that outputs the start instruction Od1 of the linear vibration motor 100 according to a user
operation.
[0154] Other constituents of the motor driving apparatus 101d are the same as those of the motor driving apparatus
101a according to the first embodiment.
[0155] Next, the operation of the motor driving apparatus will be described.
[0156] Figure 8 is a flowchart for explaining the operation of the motor driving apparatus 101d according to the fourth
embodiment of the present invention. This figure shows an operation of the motor driving apparatus for calculating the
motor thrust constant α.
[0157] The motor driver 1d detects the start instruction Od1 of the linear vibration motor 100, i.e., detects information
that indicates start of a reciprocating motion of the mover, and performs the control so that the operation mode tem-
porarily is changed to the thrust constant calculation mode, whereby the linear vibration motor goes into a temporary
halt state (step S41).
[0158] Next, the motor driver 1d applies the DC voltage Vdc to the linear vibration motor 100 so that the DC current
Idc is supplied to the linear vibration motor 100 (step S42).
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[0159] Then, the thrust detection unit 3a detects an electromagnetic force (thrust of the mover) Fthr that acts on the
mover of the linear vibration motor in a state where a value Idc(4) of the DC current Idc that is supplied to the linear
vibration motor 100 due to the application of the DC voltage Vdc is maintained (step S43).
[0160] Further, the thrust constant decision unit 4a performs an arithmetic operation of dividing the thrust Fthr of the
mover detected in step S43, by the value Idc(4) of the DC current Idc passing through the linear vibration motor 100,
thereby to obtain the motor thrust constant α (step S44).
[0161] Thereafter, the operation mode of the motor driver 1d is changed from the thrust constant calculation mode
to the operating mode, in which the motor driver 1d applies the AC voltage Vac as a driving voltage to the linear vibration
motor 100. Thereby, the reciprocating motion of the mover of the linear vibration motor is started to perform the normal
operation of the linear vibration motor (step S45).
[0162] In the state where the linear vibration motor is operating, the mover position calculation unit 2a performs an
arithmetic operation of calculating the mover position from the AC voltage Vac and the AC current Iac which are applied
to the linear vibration motor 100, on the basis of the calculated motor thrust constant α, and then the motor driver 1a
controls the AC voltage Vac applied to the linear vibration motor 100 on the basis of the calculated mover position, so
that the mover that is reciprocating does not exceed its critical position.
[0163] As described above, the motor driving apparatus 101d according to the fourth embodiment for driving the
linear vibration motor 100 includes the motor driver 1d having two modes, i.e., the operating mode for applying the
driving voltage Vac to the linear vibration motor 100 so as to start the operation of the linear vibration motor 100 and
the thrust constant calculation mode for applying the DC voltage Vdc to the linear vibration motor 100, which detects
a start instruction Od1 of the linear vibration motor 100, thereby temporarily changing its operation mode to the thrust
constant calculation mode so as to calculate the motor thrust constant at the start of the operation of the linear vibration
motor, and calculates the motor thrust constant of the linear vibration motor immediately before the operation. There-
fore, it is possible to use a proper value of the motor thrust constant corresponding to the respective linear vibration
motor at the calculation of the mover position, thereby increasing the accuracy of the mover position calculation.
[0164] Further, in this fourth embodiment, the processing for calculating the motor thrust constant is performed im-
mediately before the operation of the linear vibration motor, whereby the processing for calculating the mover position
can be performed always using the motor thrust constant in the latest state of the linear vibration motor. Therefore,
even when the motor thrust constant varies with time, high accuracy position calculation can be performed.
[0165] In this fourth embodiment, the description has been given of the motor driving apparatus 101d that includes,
in place of the motor driver 1a in the motor driving apparatus 101a according to the first embodiment, the motor driver
1d having two modes, i.e. , the operating mode and the thrust constant calculation mode, which detects a start instruc-
tion of the linear vibration motor 100, thereby temporarily changing its operation mode to the thrust constant calculation
mode so as to perform the calculation of the motor thrust constant α at the start of the operation of the linear vibration
motor. However, the motor driving apparatus 101d may includes the above-mentioned motor driver 1d, in place of the
motor driver 1a of the motor driving apparatus 101c according to the second embodiment or third embodiment.

[Embodiment 5]

[0166] Figure 9 is a block diagram for explaining a motor driving apparatus 101e according to a fifth embodiment of
the present invention.
[0167] The motor driving apparatus 101e according to the fifth embodiment is different from the motor driving appa-
ratus 101a according to the first embodiment only in that the apparatus 101e calculates the thrust constant α of the
linear vibration motor 100 immediately after the operation of the linear vibration motor 100 and, while the linear vibration
motor 100 is operating, performs position calculation for obtaining the position of the mover using the motor thrust
constant α calculated immediately after the end of the previous operation.
[0168] More specifically, the motor driving apparatus 101e according to the fifth embodiment includes, in place of
the motor driver 1a of the motor driving apparatus 101a according to the first embodiment, a motor driver 1e that has
two modes, i.e., an operating mode of applying a driving voltage (AC voltage) Vac to the linear vibration motor 100 so
as to start the operation of the linear vibration motor 100, and a thrust constant calculation mode (non-operating mode)
of applying the DC voltage Vdc to the linear vibration motor 100, and detects a halt instruction Od2 of the linear vibration
motor 100, thereby temporarily changing its operation mode to the thrust constant calculation mode so that the calcu-
lation of the motor thrust constant α is performed immediately after the end of the operation of the linear vibration motor
100. The motor driving apparatus 101e further includes a control unit (not shown) that outputs the halt instruction Od2
of the linear vibration motor 100 according to a user operation.
[0169] Further, the mover position calculation unit 2a in the motor driving apparatus 101e according to the fifth em-
bodiment utilizes the motor thrust constant that has been calculated immediately after the end of the operation of the
linear vibration motor, in the arithmetic operation for calculating the position of the mover during the next operation of
the linear vibration motor.
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[0170] Other constituents of the motor driving apparatus 101e according to the fifth embodiment are the same as
those of the motor driving apparatus 101a according to the first embodiment.
[0171] Next, the operation of the motor driving apparatus will be described.
[0172] Figure 10 is a flowchart for explaining the operation of the motor driving apparatus 101e according to the fifth
embodiment. This figure shows an operation of the motor driving apparatus for calculating the motor thrust constant α.
[0173] When detecting a halt instruction Od2 that instructs a halt of the operation of the linear vibration motor (step
S51), the motor driver 1e stops applying the driving voltage (AC voltage) Vac to the linear vibration motor.
[0174] Then, when the operation of the mover of the linear vibration motor 100 is completely stopped, the motor
driver 1e temporarily changes its operation mode to the thrust constant calculation mode, thereby applying the DC
voltage Vdc so that the DC current Idc is supplied to the linear vibration motor 100 (step S52).
[0175] Then, the thrust detection unit 3a detects an electromagnetic force (thrust of the mover) Fthr that acts on the
mover of the linear vibration motor in the state where the value Idc(5) of the DC current Idc that is supplied to the linear
vibration motor 100 due to the application of the DC voltage Vdc is maintained (step S53).
[0176] Further, the thrust constant decision unit 4a performs an arithmetic operation of dividing the mover thrust Fthr
detected in step S53, by the value Idc(5) of the DC current Idc passing through the linear vibration motor 100, thereby
calculating the motor thrust constant α (step S54).
[0177] Thereafter, when detecting a start instruction of the linear vibration motor 100, the motor driver 1e applies the
AC voltage Vac to the linear vibration motor 100 as a driving voltage. Thereby, the normal operation of the linear
vibration motor 100 is performed.
[0178] While the linear vibration motor 100 is operating, the mover position calculation unit 2a performs position
calculation for obtaining the mover position using the motor thrust constant α that has been obtained in step S51 to
S54 after the end of the previous operation, and the motor driver 1e controls the AC voltage Vac that is applied to the
linear vibration motor 100 according to the mover position obtained by the position calculation so that the mover that
is reciprocating does not exceed its critical position.
[0179] As described above, the motor driving apparatus 101e according to the fifth embodiment for driving the linear
vibration motor 100 includes the motor driver 1e having two modes, i.e., the operating mode of applying the driving
voltage Vac to the linear vibration motor 100 so as to activate the linear vibration motor 100, and the thrust constant
calculation mode of applying the DC voltage Vdc to the linear vibration motor 100, which detects a halt instruction Od2
of the linear vibration motor 100, thereby temporarily changing its operation mode to the thrust constant calculation
mode so that the calculation of the motor thrust constant is performed at the end of the operation of the linear vibration
motor. Thereby, this apparatus calculates the motor thrust constant of the linear vibration motor immediately after the
end of the operation of the linear vibration motor, and utilizes the calculated motor thrust constant in the position
calculation for obtaining the position of the mover during the next operation of the linear vibration motor. Accordingly,
it is possible to use a proper value of the motor thrust constant corresponding to the respective linear vibration motor
at the mover position calculation, thereby increasing the accuracy in the mover position calculation.
[0180] Further, in this fifth embodiment, the processing for calculating the motor thrust constant is performed imme-
diately after the end of the operation of the linear vibration motor. Therefore, the position calculation for obtaining the
mover position is performed always using the motor thrust constant in the latest state of the linear vibration motor,
whereby even when the motor thrust constant varies with time, a high accuracy position calculation can be achieved.
[0181] Further, as the calculation of the motor thrust constant is performed immediately after the end of the operation
of the linear vibration motor, the motor thrust constant is calculated in a state where the temperature of the motor is
approximately the same as the temperature while the linear vibration motor has been actually working. That is, although
the motor thrust constant varies according to the temperature, a correct motor thrust constant during the operation of
the linear vibration motor can be obtained by calculating the thrust constant at a temperature when the motor is actually
working. Accordingly, the position calculation for obtaining the mover position can be achieved with high accuracy.
[0182] Further, as the calculation of the motor thrust constant is performed after stopping the linear vibration motor,
it is possible to obtain the motor thrust constant without hindering the operation of the linear vibration motor.
[0183] In this fifth embodiment, the description has been given of the motor driving apparatus 101e which has, in
place of the motor driver 1a in the motor driving apparatus 101a according to the first embodiment, the motor driver
1e that has two modes, i.e., the operating mode and the thrust calculation mode, and temporarily changes its operation
mode to the thrust constant calculation mode so as to calculate the motor thrust constant α immediately after the end
of the operation of the linear vibration motor 100. However, the motor driving apparatus 101e may include the motor
driver 1e in place of the motor driver 1a in the motor driving apparatus 101c according to the second or third embodiment.

[Embodiment 6]

[0184] Figure 11 is a block diagram for explaining a motor driving apparatus 101f according to a sixth embodiment
of the present invention.
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[0185] The motor driving apparatus 101f according to the sixth embodiment is different from the motor driving ap-
paratus 101a according to the first embodiment only in that the apparatus 101f derives a relationship between the
thrust constant α of the linear vibration motor and the motor temperature T (thrust constant-temperature function) Q
in a non-operating state of the linear vibration motor 100 and, while the linear vibration motor 100 is operating, estimates
the motor thrust constant α(d) in the operating state of the linear vibration motor 100 from a detected motor temperature
T(d) based on the thrust constant-temperature function Q, thereby performing the position calculation for obtaining the
mover position using the estimated motor thrust constant α(d).
[0186] That is, the motor driving apparatus 101f according to the sixth embodiment includes a motor driver 1f that
has an operating mode of applying a driving voltage to the linear vibration motor 100 so as to activate the linear vibration
motor 100, and a non-operating mode (thrust constant calculation mode) of applying a DC voltage Vdc to the linear
vibration motor 100 so that the thrust Fthr of the mover of the linear vibration motor 100 is generated, and temporarily
changes its operation mode to the non-operating mode at the start and end of the operation of the linear vibration
motor 100 in a state where the linear vibration motor 100 is not operating. The motor driving apparatus 101f further
includes a control unit (not shown) that generates a timing signal Ts at prescribed intervals, for example at intervals of
30 minutes or one hour, and outputs a start instruction Od1 and a halt instruction Od2 of the linear vibration motor 100
according to the user operation, and an operation judging unit (not shown) that, when detecting one of the timing signal
Ts, the start instruction Od1 and the halt instruction Od2, judges whether the linear vibration motor 100 is operating or
not, i.e., whether the mover is in an operating state or in a halting state.
[0187] To be more specific, in the case where the start instruction Od1 of the linear vibration motor from outside is
detected in a state where a driving voltage (for example, AC voltage Vac) is not applied to the linear vibration motor
100, the motor driver 1f temporarily changes its operation mode to the non-operating mode when the linear vibration
motor is at rest, while when the linear vibration motor is not at rest, the motor driver 1f temporarily changes the operation
mode to the non-operating mode after the linear vibration motor has stopped. Further, when the halt instruction Od2
of the linear vibration motor 100 from outside is detected in the state where the driving voltage Vac is applied to the
linear vibration motor 100, the motor driver 1f temporarily changes its operation mode to the non-operating mode after
the linear vibration motor has stopped. Further, in the case where the linear vibration motor is standing still when the
timing signal Ts is detected, the motor driver 1f temporarily changes its operation mode to the non-operating mode,
while in the case where the linear vibration motor is not standing still when the timing signal is detected, the motor
driver 1f temporarily changes its operation mode to the non-operating mode after the operation of the linear vibration
motor has stopped.
[0188] In this case, the motor driver 1f temporarily changes the operation mode to the non-operating mode at the
start and end of the operation of the linear vibration motor 100, while the motor driver 1f may temporarily change its
operation mode to the non-operating mode at either the start or end of the operation of the linear vibration motor 100.
[0189] The motor driving apparatus 101f has a temperature detection unit 7f for detecting the temperature (motor
temperature) T of the linear vibration motor 100 and outputting temperature information It which indicates the detected
motor temperature T. The temperature detection unit 7f comprises a temperature sensor that is mounted on the linear
vibration motor 100, and the like.
[0190] The motor driving apparatus 101f includes a thrust detection unit 3a for detecting a thrust Fthr of the mover,
which is generated by the DC voltage Vdc applied to the linear vibration motor 100, and outputting information (thrust
information) If indicating the thrust Fthr of the mover, and a thrust constant decision unit 4f for deciding a thrust constant
α of the linear vibration motor 100, on the basis of the detected thrust Fthr of the mover and the DC current Idc that is
supplied to the linear vibration motor 100 by the application of the DC voltage Vdc.
[0191] Here, the thrust detection unit 3a is the same as that in the motor driving apparatus 101a according to the
first embodiment. The thrust constant decision unit 4f performs an arithmetic operation of dividing the mover thrust
Fthr detected by the thrust detection unit 3a, by a current value Idc(6) of the DC current Idc that is supplied to the linear
vibration motor 100, thereby deciding the motor thrust constant α, and outputs thrust constant information I α which
indicates the decided motor thrust constant α.
[0192] The motor driving apparatus 101f further includes a thrust constant estimation unit 8f that derives, in the non-
operating state of the linear vibration motor 100, a relationship (thrust constant-temperature function) Q between the
motor thrust constant α and the motor temperature T that has been detected at the calculation of the motor thrust
constant α on the basis of the thrust constant information Iα from the thrust constant decision unit 4f and the motor
temperature information It from the temperature detection unit 7f and, in the operating state of the linear vibration motor
100, estimates the motor thrust constant α(d) of the operating state on the basis of the motor temperature T(d) that
has been detected in the operating state, according to the derived thrust constant-temperature function Q; and a mover
position calculation unit 2f for performing an arithmetic operation for calculating the position Xcul of the mover while
the linear vibration motor is operating, using the motor thrust constant α (d) that has been obtained in the processing
by the thrust constant estimation unit 8f.
[0193] Here, the thrust constant-temperature function Q may be a linear function with the calculated motor thrust
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constant α and the detected motor temperature T being taken as variables, or a 2D matrix that indicates correspond-
ences between the motor thrust constant α and the motor temperature T.
[0194] Further, the mover position calculation unit 2f obtains the position of the mover by an arithmetic operation
while the linear vibration motor 100 is operating. As a specific method, the method as described in Japanese Unex-
amined Patent Publication No.Hei.8-508558 that has been explained as the prior art is employed, in which the position
of the mover is calculated according to the equation of motion for the linear vibration motor 100. However, the thrust
constant that is used in the arithmetic operation for calculating the mover position by this mover position calculation
unit 2f is the motor thrust constant (α(d) in the operating state, which is obtained by the motor thrust constant estimation
unit 8f.
[0195] Next, the operation of the motor driving apparatus will be described.
[0196] Figure 12 is a flowchart for explaining the operation of the motor driving apparatus 101f according to the sixth
embodiment. This figure shows an operation of the motor driving apparatus for deriving the thrust constant-temperature
function Q and estimating the motor thrust constant. In this motor driving apparatus 101f, when one of the timing signal,
the start instruction, and the halt instruction of the linear vibration motor 100 is detected, either the processing for
deriving the thrust constant-temperature function Q or the processing for estimating the motor thrust constant α (d) in
the operating state is performed according to whether the linear vibration motor 100 is operating or not.
[0197] That is, when detecting one of the timing signal, the start instruction, and the halt instruction of the linear
vibration motor 100, the operation judging unit (not shown) in the motor driving apparatus 101f judges whether the
linear vibration motor 100 is operating or not (step S61).
[0198] When it is judged in step S61 that the linear vibration motor 100 is not operating, the motor driver 1f changes
its operation mode to the non-operating mode, thereby applying the DC voltage Vdc to the linear vibration motor 100
so that the DC current Idc is supplied to the linear vibration motor 100 (step S62).
[0199] Next, the thrust detection unit 3a detects an electromagnetic force (thrust of the mover) Fthr that acts on the
mover of the linear vibration motor 100 in the state where the value Idc(6) of the DC current Idc is supplied to the linear
vibration motor 100 due to the application of the DC voltage Vdc is maintained (step S63).
[0200] Subsequently, the thrust constant decision unit 4f performs an arithmetic operation of dividing the thrust Fthr
of the mover detected in step S63, by the value Idc(6) of the DC current Idc that passes through the linear vibration
motor 100, thereby obtaining the motor thrust constant α (step S64).
[0201] Then, the temperature detection unit 7f detects the motor temperature T(s) in the non-operating state, and
the thrust constant estimation unit 8f generates a correspondence (thrust constant-temperature function) Q between
the motor temperature T and the motor thrust constant α on the basis of the temperature information It which indicates
the motor temperature T(s) and the thrust constant information I α from the thrust constant decision unit 4f (step S65).
[0202] On the other hand, when it is judged in step S61 that the linear vibration motor 100 is operating, the temperature
detection unit 7f detects the temperature T(d) of the linear vibration motor 100 being operating (step S66), and the
thrust constant estimation unit 8f estimates the motor thrust constant α(d) of the linear vibration motor being operating,
on the basis of the relationship (thrust constant-temperature function) Q between the motor temperature T and the
motor thrust constant α obtained in step S65 and the motor temperature T(d) in the operating state detected in step
S66, and outputs information Iα(d) indicating the estimated motor thrust constant to the mover position calculation unit
2f (step S67).
[0203] Then, in the state where the linear vibration motor 100 is operating, the mover position calculation unit 2f
performs position calculation for obtaining the mover position on the basis of the driving current and the driving voltage
which are applied to the linear vibration motor 100, using the motor thrust constant α (d) in the operating state, which
has been obtained from steps S61 to S67, and outputs mover position information Ix which indicates the obtained
mover position Xcul to the motor driver 1f. Then, the motor driver If controls the driving voltage applied to the linear
vibration motor 100 on the basis of the mover position information Ix, so that the mover which is reciprocating does
not exceed its critical position.
[0204] As described above, the motor driving apparatus 101f for driving the linear vibration motor 100 according to
the sixth embodiment includes the thrust detection unit 3a that detects the mover thrust Fthr generated by the DC
voltage Vdc that is applied to the linear vibration motor 100, the thrust constant decision unit 4f that decides the motor
thrust constant α on the basis of the detected mover thrust Fthr and the DC current Idc that is supplied to the linear
vibration motor 100, the temperature detection unit 7f that detects the temperature of the linear vibration motor, and
the thrust constant estimation unit 8f that derives, in the state where the linear vibration motor is not operating, the
relationship Q between the motor thrust constant α and the motor temperature T on the basis of the detected motor
temperature T and the decided motor thrust constant α and, in the state where the linear vibration motor is operating,
estimates the motor thrust constant α (d) in the operating state according to the thrust constant-temperature function
Q on the basis of the motor temperature T(d) detected in the operating state. Therefore, the calculation of the mover
position in the state where the linear vibration motor is operating can be performed using a proper motor thrust constant,
thereby increasing the accuracy in the calculation of the mover position.
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[0205] Further, in this sixth embodiment, the processing for calculating the motor thrust constant is performed im-
mediately before and immediately after the operation of the linear vibration motor. Therefore, the position calculation
is performed always on the basis of the motor thrust constant in the latest state of the linear vibration motor. Accordingly,
even when the motor thrust constant varies with time, a high accuracy calculation of the mover position can be achieved.
[0206] Further, as the motor thrust constant α(d) of the linear vibration motor which is in the operating state is esti-
mated from the motor temperature T(d) detected at a time when the motor is actually working, the position calculation
can be achieved with high accuracy using a proper thrust constant even in the state where temperature variations in
the linear vibration motor are great.
[0207] In this sixth embodiment, the description has been given of the motor driving apparatus 101f including the
thrust detection unit 3a that is the same as that in the motor driving apparatus 101a according to the first embodiment.
However, the motor driving apparatus 101f according to the sixth embodiment may includes, in place of the above-
mentioned thrust detection unit 3a, the moving distance detection unit 5b and the thrust detection unit 3b of the motor
driving apparatus 101b according to the second embodiment. Further, the motor driving apparatus 101f according to
the sixth embodiment may include, in place of the thrust detection unit 3a, the predetermined position arrival detection
unit 6c and the thrust detection unit 3c according to the third embodiment, and the thrust constant decision unit 4f that
decides the thrust constant α of the linear vibration motor in the same manner as the thrust constant decision unit 4c
according to the third embodiment.
[0208] Further, in this sixth embodiment, the thrust constant estimation unit 8f performs the processing of estimating
the motor thrust constant α (d) in the operating state, when one of the timing signal, the start instruction, and the end
instruction is detected. However, the thrust constant estimation unit 8f may performs the processing of estimating the
motor thrust constant α(d) in the operating state only when the timing signal is detected.

[Embodiment 7]

[0209] Figure 15 is a schematic diagram for explaining a compressor driving apparatus according to a seventh em-
bodiment of the present invention.
[0210] A compressor driving apparatus 207 according to the seventh embodiment drives a compressor 40 for com-
pressing air, gas, or the like. A power source of the compressor 40 is a linear vibration motor 46 which is identical to
the linear vibration motor 100 according to the first embodiment. Further, the compressor driving apparatus 207 is a
motor driving apparatus for driving the linear vibration motor 46, and it has the same construction as the motor driving
apparatus 101a of the first embodiment. Hereinafter, the compressor 40 according to this seventh embodiment is
referred to as a linear compressor, and this linear compressor 40 will be briefly described.
[0211] The linear compressor 40 has a cylinder section 41a and a motor section 41b which are adjacent to each
other along a predetermined axis line. In the cylinder section 41a, a piston 42 which is slidably supported along the
axis direction is placed. A piston rod 42a an end of which is fixed to the rear side of the piston 42 is placed across the
cylinder section 41a and the motor section 41b, and a support spring 43 which applies a force to the piston rod 42a in
the axis direction is provided on the other end of the piston rod 42a.
[0212] Further, a magnet 44 is fixed to the piston rod 42a, and an electromagnet 45 comprising an outer yoke 45a
and a stator coil 45b embedded in the outer yoke 45a is fixed to a portion of the motor section 41b which is opposed
to the magnet 44. In this linear compressor 40, the linear vibration motor 46 is constituted by the electromagnet 45
and the magnet 44 fixed to the piston rod 42a. Accordingly, in the linear compressor 40, the piston 42 reciprocates in
its axis direction due to an electromagnetic force generated between the electromagnet 45 and the magnet 44, and
elasticity of the spring 43.
[0213] Further, in the cylinder section 41a, a compression chamber 48 is formed, which is a closed space surrounded
by a cylinder upper portion inner wall 47a, a piston compression wall 42b, and a cylinder peripheral wall 47b. An end
of an inlet tube 40a for sucking a low-pressure gas Lg into the compression chamber 48 is opened at the cylinder upper
portion inner wall 47a. Further, an end of a discharge tube 40b for discharging a high-pressure gas Hg from the com-
pression chamber 48 is opened at the cylinder upper portion inner wall 47a. An inlet valve 49a and a discharge valve
49b for preventing back flow of the gas are fixed to the inlet tube 40a and the discharge tube 40b, respectively.
[0214] In the linear compressor 40 so constructed, the piston 42 reciprocates in its axis direction by application of
the driving voltage from the motor driving apparatus 207 to the linear vibration motor 46, whereby suction of the low-
pressure gas Lg into the compression chamber 48, compression of the gas in the compression chamber 48, and
discharge of the compressed high-pressure gas Hg from the compression chamber 48 are repeatedly carried out.
[0215] In the linear compressor 40 according to the seventh embodiment, the motor driving apparatus 207 calculates
the motor thrust constant in the non-operating mode of the linear vibration motor and then calculates the position of
the mover of the linear vibration motor using the calculated motor thrust constant in the operating mode of the linear
vibration motor, as in the motor driving apparatus 101a according to the first embodiment. Therefore, it is possible to
detect the position of the piston with high accuracy during the operation of the linear compressor 40. Accordingly, the
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clearance between the piston and the cylinder head can be reduced, resulting in miniaturization of the linear compres-
sor.

[Embodiment 8]

[0216] Figure 16 is a block diagram for explaining an air conditioner according to an eighth embodiment of the present
invention.
[0217] An air conditioner 208 according to the eighth embodiment has an indoor unit 55 and an outdoor unit 56, and
performs cooling and heating. The air conditioner 208 comprises a linear compressor 50a for circulating a refrigerant
between the indoor unit 55 and the outdoor unit 56, and a compressor driving unit 50b for driving the linear compressor
50a. The compressor 50a is identical to the linear compressor 40 having the linear vibration motor 46 according to the
seventh embodiment. Further, the compressor driving unit 50b is a motor driving unit which applies the driving voltage
Vd to the linear vibration motor of the linear compressor 50a, and it is identical in construction as the motor driving
apparatus 207 according to the seventh embodiment.
[0218] More specifically, the air conditioner 208 has the linear compressor 50a, a four-way valve 54, a throttle (ex-
pansion valve) 53, an indoor heat exchanger 51, an outdoor heat exchanger 52, which forms a refrigerant circulation
path, and the motor driving unit 50b for driving the linear vibration motor as a driving source of the linear compressor 50a.
[0219] The indoor heat exchanger 51 constitutes the indoor unit 55, while the throttle 53, the outdoor heat exchanger
52, the linear compressor 50a, the four-way valve 54, and the motor driving unit 50b constitute the outdoor unit 56.
[0220] The indoor heat exchanger 51 has an air blower 51a for increasing the efficiency of heat exchange, and a
temperature sensor 51b for measuring the temperature of the heat exchanger 51 or the ambient temperature thereof.
The outdoor heat exchanger 52 has an air blower 52a for increasing the efficiency of heat exchange, and a temperature
sensor 52b for measuring the temperature of the heat exchanger 52 or the ambient temperature thereof.
[0221] In this eighth embodiment, the linear compressor 50a and the four-way valve 54 are placed in the refrigerant
path between the indoor heat exchanger 51 and the outdoor heat exchanger 52. That is, in this air conditioner 208,
the four-way valve 54 switches between two states as follows: the state where the refrigerant flows in the direction of
arrow A, the refrigerant that has passed through the outdoor heat exchanger 52 is sucked into the linear compressor
50a, and the refrigerant discharged from the linear compressor 50a is supplied to the indoor heat exchanger 51, and
the state where the refrigerant flows in the direction of arrow B, the refrigerant that has passed through the indoor heat
exchanger 51 is sucked into the linear compressor 50a, and the refrigerant discharged from the linear compressor 50a
is supplied to the outdoor heat exchanger 52.
[0222] Further, the throttle 53 has both the function of reducing the flow rate of the circulating refrigerant, and the
function as a valve for automatically controlling the flow rate of the refrigerant. That is, under the state where the
refrigerant is circulating in the refrigerant circulation path, the throttle 53 reduces the flow rate of the liquid refrigerant
outputted from a condenser to an evaporator to expand the liquid refrigerant, and supplies a proper amount of refrigerant
that is required for the evaporator.
[0223] The indoor heat exchanger 51 operates as a condenser during heating and as an evaporator during cooling.
The outdoor heat exchanger 52 operates as an evaporator during heating and as a condenser during cooling. In the
condenser, the high-temperature and high-pressure refrigerant gas flowing therein loses heat to the air blown into the
condenser, and gradually liquefies, resulting in a high-pressure liquid refrigerant in the vicinity of the outlet of the
condenser. This is equivalent to that the refrigerant radiates heat into the air to liquefy. Further, the liquid refrigerant
whose temperature and pressure are reduced by the throttle 53 flows into the evaporator. When the indoor air is blown
into the evaporator in this state, the liquid refrigerant takes a great amount of heat from the air and evaporates, resulting
in a low-temperature and low-pressure gas refrigerant. The air which has lost a great amount of heat in the evaporator
is discharged as cool air from the blowoff port of the air conditioner.
[0224] In the air conditioner 208, the motor driving unit 50b controls the output of the linear vibration motor of the
linear compressor 50a on the basis of the operating conditions of the air conditioner, i.e., the target temperature set
on the air conditioner and the actual room temperature and outdoor temperature.
[0225] Next, the operation of the air conditioner will be described.
[0226] In the air conditioner 208 according to the eighth embodiment, when the driving voltage Vd is supplied from
the motor drive control unit 50b to the linear compressor 50a, the refrigerant circulates in the refrigerant circulation
path, and heat exchange is carried out in the heat exchanger 51 of the indoor unit 55 and the heat exchanger 52 of
the outdoor unit 56. That is, in the air conditioner 208, a well-known heat pump cycle is formed in the refrigerant
circulation path by circulating the refrigerant sealed in the circulation path with the linear compressor 50a. Thereby,
heating or cooling for a room is carried out.
[0227] For example, when the air conditioner 208 performs heating, the four-way valve 54 is set by user operation
so that the refrigerant flows in the direction of arrow A. In this case, the indoor heat exchanger 51 operates as a
condenser, and discharges heat due to circulation of the refrigerant in the refrigerant circulation path. Thereby, the
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room is heated.
[0228] Conversely, when the air conditioner 208 performs cooling, the four-way valve 54 is set by user operation so
that the refrigerant flows in the direction of arrow B. In this case, the indoor heat exchanger 51 operates as an evaporator,
and absorbs heat from the ambient air due to circulation of the refrigerant in the refrigerant circulation path. Thereby,
the room is cooled.
[0229] In the air conditioner 208, the motor driving unit 50b controls the output of the linear vibration motor of the
linear compressor 50a on the basis of the target temperature set on the air conditioner and the actual room temperature
and outdoor temperature. Thereby, the air conditioner 208 performs comfortable cooling and heating.
[0230] As described above, in the air conditioner 208 according to the eighth embodiment, since the compressor
(linear compressor) 50a having the linear vibration motor as a power source is used as the compressor for compressing
and circulating a refrigerant, friction loss in the compressor is reduced as compared with an air conditioner using a
compressor having a rotation-type motor as a power source, and furthermore, sealability of the compressor for sealing
a high-pressure refrigerant and a low-pressure refrigerant is enhanced, resulting an increase in efficiency of the com-
pressor.
[0231] Furthermore, in the compressor 50a using the linear vibration motor according to the eighth embodiment,
since friction loss is reduced, the amount of use of lubricating oil that is indispensable in the compressor using the
rotation-type motor can be significantly reduced. Thereby, the amount of waste oil that needs recycling or the like can
be reduced, and the amount of refrigerant to be filled in the compressor can be reduced because the amount of refrig-
erant that dissolves into the oil is reduced, resulting in a contribution to conservation of global environment.
[0232] Further, in the air conditioner 208, the motor driving unit 50b calculates the motor thrust constant in the non-
operating mode of the linear vibration motor and then calculates the position of the mover of the linear vibration motor
using the calculated motor thrust constant in the operating mode of the linear vibration motor, as in the motor driving
apparatus 207 according to the seventh embodiment. Therefore, it is possible to detect the position of the piston with
high accuracy during the operation of the linear compressor 50a. Accordingly, the clearance between the piston and
the cylinder head can be reduced, resulting in miniaturization of the linear compressor, which leads to miniaturization
of the air conditioner.

[Embodiment 9]

[0233] Figure 17 is a block diagram for explaining a refrigerator according to a ninth embodiment of the present
invention.
[0234] A refrigerator 209 of this ninth embodiment comprises a linear compressor 60a, a compressor driving unit
60b, a condenser 61, an evaporator 62, and a throttle 63.
[0235] The linear compressor 60a, the condenser 61, the throttle 63, and the evaporator 62 form a refrigerant circu-
lation path, and the compressor driving unit 60b is a motor driving unit for driving a linear vibration motor as a driving
source of the linear compressor 60a. The linear compressor 60a and the motor driving unit 60b are identical to the
linear compressor 40 and the motor driving apparatus 207 according to the seventh embodiment, respectively.
[0236] Like the throttle 53 of the air conditioner 208 according to the eighth embodiment, the throttle 63 reduces the
flow rate of the liquid refrigerant outputted from the condenser 61 to expand the liquid refrigerant, and supplies a proper
amount of refrigerant to the evaporator 62, under the state where the refrigerant is circulating in the refrigerant circulation
path.
[0237] The condenser 61 condenses the high-temperature and high-pressure refrigerant gas flowing therein, and
discharges heat of the refrigerant to the outside air. The refrigerant gas introduced in the condenser 61 loses heat to
the outside air and gradually liquefies, resulting in a high-pressure liquid refrigerant in the vicinity of the outlet of the
condenser.
[0238] The evaporator 62 evaporates the low-temperature refrigerant liquid to cool the inside of the refrigerator. The
evaporator 62 has an air blower 62a for increasing efficiency of heat exchange, and a temperature sensor 62b for
detecting the temperature inside the refrigerator.
[0239] In the refrigerator 209, the motor driving unit 60b controls the output of the linear vibration motor of the linear
compressor 60a on the basis of the operating conditions of the refrigerator, i.e., the target temperature set on the
refrigerator and the temperature inside the refrigerator.
[0240] Next, the operation will be described.
[0241] In the refrigerator 209, when a driving voltage Vd is supplied from the motor driving unit 60b to the linear
vibration motor of the linear compressor 60a, the linear compressor 60a is operated and the refrigerant circulates in
the refrigerant circulation path in the direction of arrow C, and thereby heat exchange is carried out in the condenser
61 and in the evaporator 62. Thus, the inside of the refrigerator is cooled.
[0242] To be specific, the refrigerant is liquefied in the condenser 61, and the flow rate of the refrigerant is reduced
by the throttle 63 to expand the refrigerant, resulting in a low-temperature liquid refrigerant. When the low-temperature
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liquid refrigerant is sent to the evaporator 62, the low-temperature liquid refrigerant is evaporated in the evaporator 62,
whereby the inside of the refrigerator is cooled. At this time, the air in the refrigerator is compulsory sent to the evaporator
62 by the air blower 62a, whereby heat exchange is efficiently carried out in the evaporator 62.
[0243] Further, in the refrigerator 209, the motor driving unit 60b controls the output of the linear vibration motor of
the linear compressor 60a on the basis of the target temperature set on the refrigerator 209 and the temperature inside
the refrigerator. Thereby, the temperature inside the refrigerator 209 is maintained at the target temperature.
[0244] As described above, in the refrigerator 209 according to the ninth embodiment, since the linear compressor
60a having the linear vibration motor as a power source is used as the compressor for compressing and circulating
the refrigerant, friction loss in the compressor is reduced as compared with a refrigerator using a compressor having
a rotation-type motor as a power source, and furthermore, sealability for sealing the refrigerant in the compressor is
enhanced, resulting an increase in operation efficiency of the compressor, like in the air conditioner 208 of the eighth
embodiment.
[0245] Furthermore, in the refrigerator 209, since friction loss in the compressor is reduced, the amount of waste oil
(spent lubricating oil) and the amount of refrigerant to be filled in the compressor are reduced, as in the air conditioner
208 of the eighth embodiment. Therefore, the refrigerator 209 can contribute to conservation of global environment.
[0246] Moreover, in the air conditioner 209, the motor driving apparatus 60b calculates the motor thrust constant in
the non-operating mode of the linear vibration motor and then calculates the position of the mover of the linear vibration
motor using the calculated motor thrust constant in the operating mode of the linear vibration motor, like in the motor
driving apparatus 207 according to the seventh embodiment. Therefore, it is possible to detect the position of the piston
with high accuracy during the operation of the linear compressor 60a. Accordingly, the clearance between the piston
and the cylinder head can be reduced, resulting in miniaturization of the linear compressor, which leads to miniaturi-
zation of the refrigerator.

[Embodiment 10]

[0247] Figure 18 is a block diagram for explaining a cryogenic freezer according to a tenth embodiment of the present
invention.
[0248] A cryogenic freezer 210 according to the tenth embodiment has a freezing chamber (not shown), and cools
the inside of the chamber at a cryogenic temperature (lower than -50°C). As for objects to be frozen by the cryogenic
freezer 210, there are electromagnetic circuit elements such as resistors, coils, magnets to be used as superconducting
elements, electronic elements such as low-temperature reference parts for infrared sensors, medical objects such as
blood and viscera, and foods such as tunas.
[0249] Electronic elements are preserved in the cryogenic states to increase their operating efficiencies or increase
their sensitivities by removing thermal noises. As for foods, perishable foods are preserved in the cryogenic states to
facilitate transportation, maintain freshness, or perform freeze-dry.
[0250] Although the freezing temperature of the cryogenic freezer 210 varies with applications, it is lower than -50°C
and, especially in applications for superconducting, the temperature varies over a wide range of 0,100K (Kelvin). For
example, the freezing temperature of the cryogenic freezer 210 is set at about 50,100K in applications for high-
temperature superconducting, and about 0,50K in applications for normal superconducting. Further, when the cryo-
genic freezer 210 is used for maintaining freshness of foods or the like, the freezing temperature is set at a little under
-50° C.
[0251] Hereinafter, the cryogenic freezer 210 will be described in detail.
[0252] The cryogenic freezer 210 comprises a linear compressor 70a, a compressor driving unit 70b, a heat radiator
71, a heat storage 72, and a throttle 73.
[0253] The linear compressor 70a, the heat radiator 71, the throttle 73, and the heat storage 72 form a refrigerant
circulation path. The compressor driving unit 70b is a motor driving unit for driving and controlling a linear vibration
motor as a driving source of the linear compressor 70a. The linear compressor 70a and the motor driving unit 70b are
identical to the linear compressor 40 and the motor driving apparatus 207 according to the seventh embodiment,
respectively.
[0254] The throttle 73 reduces the liquid refrigerant sent from the heat radiator 71 to the heat storage 72 to expand
the refrigerant, like the throttle 53 of the eighth embodiment.
[0255] The heat radiator 71 condenses the high-temperature and high-pressure refrigerant gas flowing in it, and
discharges heat of the refrigerant to the outside air, like the condenser 61 of the refrigerator 209 of the ninth embodiment.
[0256] The heat storage 72 evaporates the low-temperature refrigerant liquid to cool the inside of the freezing cham-
ber, thereby to preserve the objects at the cryogenic temperature, like the evaporator 62 of the ninth embodiment. The
heat storage 72 has a temperature sensor 72b for detecting the temperature of the objects. The heat storage 72 may
have an air blower 72a for increasing efficiency of heat exchange as shown in figure 18.
[0257] In the cryogenic freezer 210, the motor driving unit 70b controls the output of the linear vibration motor of the
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linear compressor 70a on the basis of the operating conditions of the cryogenic freezer 210, i.e., the target temperature
set on the cryogenic freezer 210 and the temperature of the objects to be frozen.
[0258] In the cryogenic freezer 210, when an AC voltage Vd is supplied from the motor driving unit 70b to the linear
vibration motor of the linear compressor 70a, the linear compressor 70a is operated, and the refrigerant circulates in
the refrigerant circulation path in the direction of arrow D, whereby heat exchange is carried out in the heat radiator
71 and the heat storage 72. Thereby, the inside of the freezing chamber is cooled, and the objects in the chamber are
frozen.
[0259] That is, the refrigerant is liquefied in the heat radiator 71, and the flow rate of the refrigerant is reduced by
the throttle 73 to expand the refrigerant, resulting in a low-temperature liquid refrigerant. When the low-temperature
liquid refrigerant is sent to the heat storage 72, the liquid refrigerant is evaporated in the heat storage72, whereby the
freezing chamber is cooled.
[0260] Further, in the cryogenic freezer 210, the motor driving unit 70b controls the output of the linear vibration
motor of the linear compressor 70a on the basis of the target temperature set on the cryogenic freezer 210 and the
temperature of the object to be frozen. Thereby, in the cryogenic freezer 210, the temperature of the object to be frozen
is maintained at the target temperature.
[0261] As described above, in the cryogenic freezer 210 according to the tenth embodiment, since the linear com-
pressor 70a having the linear vibration motor as a power source is used as the compressor for compressing and
circulating the refrigerant, friction loss in the compressor is reduced as compared with a cryogenic freezer using a
compressor having a rotation-type motor as a power source, and furthermore, sealability for sealing the refrigerant in
the compressor is enhanced, resulting an increase in operation efficiency of the compressor, as in the air conditioner
208 according to the eight embodiment.
[0262] Furthermore, in the cryogenic freezer 210, since friction loss in the compressor is reduced, the amount of
waste oil (spent lubricating oil) and the amount of refrigerant to be filled in the compressor can be reduced, as in the
air conditioner 208 of the eighth embodiment. Therefore, the freezer 210 can contribute to conservation of global
environment.
[0263] Moreover, in the cryogenic freezer 210, the motor driving unit 70b calculates the motor thrust constant in the
non-operating mode of the linear vibration motor and then calculates the position of the mover of the linear vibration
motor using the calculated motor thrust constant in the operating mode of the linear vibration motor, like in the motor
driving apparatus 207 according to the seventh embodiment. Therefore, it is possible to detect the position of the piston
with high accuracy during the operation of the linear compressor 70a. Accordingly, the clearance between the piston
and the cylinder head can be reduced, resulting in miniaturization of the linear compressor, which leads to miniaturi-
zation of the cryogenic freezer.

[Embodiment 11]

[0264] Figure 19 is a block diagram for explaining a hot-water supply unit according to an eleventh embodiment of
the present invention.
[0265] A hot-water supply unit 211 according to the eleventh embodiment has a refrigeration cycle unit 81a for heating
supplied water to discharge hot water, a hot-water storage 81b in which the hot water discharged from the refrigeration
cycle unit 81a is stored, and pipes 86a, 86b, 87a, and 87b connecting the unit 81a and the storage 81b.
[0266] The refrigeration cycle unit 81a has a linear compressor 80a, a compressor driving unit 80b, an air-refrigerant
heat exchanger 82, a throttle 83, and a water-refrigerant heat exchanger 85.
[0267] The linear compressor 80a, the air-refrigerant heat exchanger 82, the throttle 83, and the water-refrigerant
heat exchanger 85 form a refrigerant circulation path.
[0268] The compressor driving unit 80b drives a linear vibration motor (not shown) as a driving source of the linear
compressor 80a. The linear compressor 80a is identical to the linear compressor 40 having the linear vibration motor
46 according to the seventh embodiment. Further, the compressor driving unit 80b is identical in construction to the
motor driving apparatus 207 of the seventh embodiment.
[0269] The throttle 83 reduces the flow rate of the liquid refrigerant sent from the water-refrigerant heat exchanger
85 to the air-refrigerant heat exchanger 82 to expand the liquid refrigerant, as in the throttle 53 of the air conditioner
208 according to the eighth embodiment.
[0270] The water-refrigerant heat exchanger 85 is a condenser for heating up the water supplied to the refrigeration
cycle unit 81a, and has a temperature sensor 85a for detecting the temperature of the heated water. The air-refrigerant
heat exchanger 82 is an evaporator for absorbing heat from the ambient atmosphere, and has an air blower 82a for
increasing the efficiency of heat exchange and a temperature sensor 82b for detecting the ambient temperature.
[0271] In figure 19, reference numeral 84 denotes a refrigerant pipe for circulating the refrigerant along the refrigerant
circulation path that is formed by the linear compressor 80a, the water-refrigerant heat exchanger 85, the throttle 83,
and the air-refrigerant heat exchanger 82. A defrost bypass pipe 84a for supplying the refrigerant discharged from the
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linear compressor 80a to the air-refrigerant heat exchanger 82, bypassing the water-refrigerant heat exchanger 85
and the throttle 83, is connected to the refrigerant pipe 84, and a defrost bypass valve 84b is provided in a portion of
the bypass pipe 84a.
[0272] The hot-water storage 81b has a hot-water storage tank 88 for storing water or hot water. A water supply pipe
88c for supplying water from the outside to the storage tank 88 is connected to a water intake port 88cl of the storage
tank 88, and a hot-water supply pipe 88d for supplying hot-water from the storage tank 88 to a bathtub is connected
to a hot-water discharge port 88dl of the storage tank 88. Further, a hot-water supply pipe 89 for supplying the hot
water stored in the storage tank 88 to the outside is connected to a water intake/discharge port 88a of the storage tank
88.
[0273] The storage tank 88 and the water-refrigerant heat exchanger 85 of the refrigeration cycle unit 81a are con-
nected by pipes 86a, 86b, 87a, and 87b, and a water circulation path is formed between the storage tank 88 and the
water-refrigerant heat exchanger 85.
[0274] The water supply pipe 86b is a pipe for supplying water from the storage tank 88 to the water-refrigerant heat
exchanger 85, and an end of this pipe is connected to a water discharge port 88b of the storage tank 88 while the other
end is connected to a water intake side pipe 87b of the water-refrigerant heat exchanger 85 through a joint 87b1.
Further, a discharge valve 88b1 for discharging the water or hot water stored in the storage tank 88 is fixed to an end
of the water supply pipe 86b. The water supply pipe 86a is a pipe for returning the water from the water-refrigerant
heat exchanger 85 to the storage tank 88, and an end of this pipe is connected to the water intake/discharge port 88a
of the storage tank 88 while the other end is connected to a discharge side pipe 87a of the water-refrigerant heat
exchanger 85 through a joint 87a1.
[0275] A pump 87 for circulating the water in the water circulation path is provided in a portion of the water intake
side pipe 87b of the water-refrigerant heat exchanger 85.
[0276] Further, in the hot-water supply unit 211, the motor driving unit 80b determines a motor output required of the
linear vibration motor of the linear compressor 80a on the basis of the operating conditions of the hot-water supply
unit, i.e., the target temperature of the hot water that is set on the hot-water supply unit, the temperature of the water
supplied from the hot-water storage 81b to the water-refrigerant heat exchanger 85 of the refrigeration cycle unit 81a,
and the outdoor temperature.
[0277] Next, the operation will be described.
[0278] When an AC voltage Vd from the motor driving unit 80b is applied to the linear vibration motor (not shown)
of the linear compressor 80a to operate the linear compressor 80a, the high-temperature refrigerant compressed by
the linear compressor 80a circulates in the direction of arrow E, i.e., it passes through the refrigerant pipe 84, to be
supplied to the water-refrigerant heat exchanger 85. Further, when the pump 87 in the water circulation path is driven,
water is supplied from the storage tank 88 to the water-refrigerant heat exchanger 85.
[0279] In the water-refrigerant heat exchanger 85, heat exchange is carried out between the refrigerant and the water
supplied from the storage tank 88, whereby heat moves from the refrigerant to the water. That is, the supplied water
is heated, and the heated water is supplied to the storage tank 88. At this time, the temperature of the heated water
is observed by the condensation temperature sensor 85a.
[0280] Further, in the water-refrigerant heat exchanger 85, the refrigerant is condensed by the above-mentioned
heat exchange, and the flow rate of the condensed liquid refrigerant is reduced by the throttle 83, whereby the refrigerant
is expanded and sent to the air-refrigerant heat exchanger 82. In the hot-water supply unit 211, the air-refrigerant heat
exchanger 82 serves as an evaporator. That is, the air-refrigerant heat exchanger 82 absorbs heat from the outside
air that is sent by the air blower 82b, thereby to evaporate the low-temperature liquid refrigerant. At this time, the
temperature of the ambient atmosphere of the air-refrigerant heat exchanger 82 is observed by the temperature sensor
82b.
[0281] Further, in the refrigeration cycle unit 81a, when the air-refrigerant heat exchanger 82 is frosted, the defrost
bypass valve 84b opens, and the high-temperature refrigerant is supplied to the air-refrigerant heat exchanger 82
through the defrost bypass line 84a. Thereby, the air-refrigerant heat exchanger 82 is defrosted.
[0282] On the other hand, the hot water is supplied from the water-refrigerant heat exchanger 85 of the refrigeration
cycle unit 81a to the hot-water storage 81b through the pipes 87a and 86a, and the supplied hot water is stored in the
storage tank 88. The hot water in the storage tank 88 is supplied to the outside through the hot-water supply pipe 89
as required. Especially when the hot water is supplied to a bathtub, the hot water in the storage tank 88 is supplied to
the bathtub through a hot-water supply pipe 88d for the bathtub.
[0283] Further, when the amount of water or hot water stored in the storage tank 88 becomes lower than a prede-
termined amount, water is supplied from the outside through the water supply pipe 88c.
[0284] As described above, in the hot-water supply unit 211 according to the eleventh embodiment, since the linear
compressor 80a having the linear vibration motor as a power source is used as the compressor for compressing and
circulating the refrigerant in the refrigeration cycle unit 81a, friction loss in the compressor is reduced as compared
with a hot-water supply unit using a compressor having a rotation-type motor as a power source, and furthermore,
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sealability for sealing the refrigerant in the compressor is enhanced, resulting an increase in operation efficiency of the
compressor, like in the air conditioner 208 of the eighth embodiment.
[0285] Furthermore, in the hot-water supply unit 211, since friction loss in the compressor is reduced, the amount of
waste oil (spent lubricating oil) and the amount of refrigerant to be filled in the compressor can be reduced, as in the
air conditioner 208 of the eighth embodiment. Therefore, the hot-water supply unit 211 can contribute to conservation
of global environment.
[0286] Moreover, in the hot-water supply unit 211, the motor driving unit 80b calculates the motor thrust constant in
the non-operating mode of the linear vibration motor and then calculates the position of the mover of the linear vibration
motor using the calculated motor thrust constant in the operating mode of the linear vibration motor, like in the motor
driving apparatus 207 according to the seventh embodiment. Therefore, it is possible to detect the position of the piston
with high accuracy during the operation of the linear compressor 80a. Accordingly, the clearance between the piston
and the cylinder head can be reduced, resulting in miniaturization of the linear compressor, which leads to miniaturi-
zation of the hot-water supply unit.

[Embodiment 12]

[0287] Figure 20 is a block diagram for explaining a handy phone according to a twelfth embodiment of the present
invention.
[0288] A handy phone 212 of this twelfth embodiment has a vibrator 90a that mechanically vibrates, and a driving
unit 90b for driving the vibrator 90a. The handy phone 212 informs an incoming call or the like to the user by vibration.
[0289] The vibrator 90a is provided with a weight member 93 that is placed in a case 91 and is vibratably supported
by a spring member 92, a magnet 93a fixed to a portion of the weight member 93, and a stator 94 in which a coil 94a
is embedded, which stator 94 is placed in the case 91 to be opposed to the magnet 93a of the weight member 93. A
linear vibration motor 95 is constituted by the magnet 93a fixed to the weight member 93, and the coil 94a embedded
in the stator 94. The weight member 93 and the magnet 93a constitute a mover of the linear vibration motor 95. In this
linear vibration motor 95, the weight member 93 reciprocates in the expansion direction of the spring member 92 due
to an electromagnetic power generated between the coil 94a and the magnet 93a, and elasticity of the spring member
92.
[0290] The driving unit 90b employs a battery (not shown) that is mounted on the handy phone 212 as a power supply
and drives the linear vibration motor 95 of the vibrator 90a, and it is identical in construction to the motor driving
apparatus 101a of the first embodiment.
[0291] In the handy phone 212 so constructed, when receiving a call, power is supplied from the motor drive unit
90b to the linear vibration motor 95 of the vibrator 90a, whereby the weight member 93 reciprocates in the expansion
direction of the spring member 92, and the vibrator 90a vibrates.
[0292] That is, when the AC voltage Vd is applied to the coil 94a, an AC magnetic field is generated in the stator 94,
and the magnetic field attracts the magnet 93a, whereby the magnet 93a and the weight member 93 to which the
magnet 93a is fixed start to reciprocate.
[0293] As described above, in the handy phone 212 according to the twelfth embodiment, since mechanical vibration
is generated by the linear vibration motor 95, the mechanical vibration can be varied with two degrees of freedom, i.
e. , the number of vibrations and the amplitude, as compared with the case where vibration is generated by a rotation-
type motor, whereby the vibrator 91 which informs an incoming call or the like to the user by vibration can be provided
with a variety of vibration patterns.
[0294] Further, in the handy phone 212 of the twelfth embodiment, the motor driving unit 90b calculates the motor
thrust constant in the non-operating mode of the linear vibration motor and then calculates the position of the mover
using the calculated motor thrust constant in the operating mode of the linear vibration motor, like in the motor driving
apparatus 101a according to the first embodiment. Therefore, it is possible to detect the position of the mover with
high accuracy during the operation of the linear vibration motor 95. Accordingly, the clearance between the mover and
the case can be reduced, resulting in miniaturization of the linear vibration motor, which leads to miniaturization of the
handy phone.
[0295] While in this twelfth embodiment the linear vibration motor and the driving apparatus thereof according to the
first embodiment are used as a vibrator for informing an incoming call in a handy phone to the user by the vibrations
and a driving apparatus thereof, respectively, the linear vibration motor and the driving apparatus according to the first
embodiment may be used as a power source of a reciprocation-type electric razor and a driving apparatus thereof,
respectively.
[0296] Moreover, while in the seventh to twelfth embodiments the motor driving units have the same construction as
the motor driving apparatus 101a of the first embodiment, the motor driving units may have the same construction as
any of the motor driving apparatuses 101b to 101f according to the second to sixth embodiments.
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Claims

1. A motor driving apparatus for driving a linear vibration motor having a mover which is reciprocatably provided and
a spring member which supports the mover, including:

a motor driver having an operating mode for applying a driving voltage to the linear vibration motor so as to
activate an operation of the motor, and a non-operating mode for applying a DC voltage to the linear vibration
motor so as to generate a thrust of the mover;
a thrust information output unit for outputting thrust information indicating the thrust of the mover, which is
generated by the application of the DC voltage to the linear vibration motor;
a thrust constant calculation unit for calculating a motor thrust constant of the linear vibration motor by per-
forming an arithmetic operation of dividing the thrust indicated by the thrust information, by a DC current that
is supplied to the linear vibration motor due to the application of the DC voltage to the linear vibration motor; and
a mover position calculation unit for performing position calculation for obtaining the position of the mover on
the basis of the calculated motor thrust constant.

2. The motor driving apparatus as defined in Claim 1 further including:

a moving distance detection unit for detecting a distance by which the mover has moved as a result of the
application of the DC voltage to the linear vibration motor, and
said thrust information output unit deciding the mover thrust that is generated by the application of the DC
voltage to the linear vibration motor, according to an arithmetic operation of multiplying the moving distance
of the mover detected by the moving distance detection unit, by a spring constant of the spring member, and
outputting thrust information which indicates the decided mover thrust.

3. The motor driving apparatus as defined in Claim 1 further including:

a mover position detection unit that, when the mover has arrived at a prescribed position that is a predetermined
distance away from a neutral position in which a spring force of the spring member does not act on the mover,
outputs a detection signal indicating that the mover has arrived at the prescribed position,

wherein
when receiving the detection signal, said thrust information output unit outputs the thrust information indicat-

ing the mover thrust that is balanced with the spring force of the spring member, which is generated by the appli-
cation of the DC voltage to the linear vibration motor and acts on the mover that is located at the prescribed position.

4. The motor driving apparatus as defined in any of Claims 1 to 3 wherein
said motor driver temporarily changes its mode to the non-operating mode at a start of the operation of the

linear vibration motor so as to calculate the motor thrust constant, and
said mover position calculation unit performs the position calculation for obtaining the mover position during

the operation of the linear vibration motor using the motor thrust constant calculated in the non-operating mode
at the start of the operation of the linear vibration motor.

5. The motor driving apparatus as defined in any of Claims 1 to 3 wherein
said motor driver temporarily changes its mode to the non-operating mode at an end of the operation of the

linear vibration motor so as to calculate the motor thrust constant, and
said mover position calculation unit performs the position calculation for obtaining the mover position during

the operation of the linear vibration motor using the motor thrust constant calculated in the non-operating mode
at the end of the previous operation.

6. The motor driving apparatus as defined in any of Claims 1 to 3 further including:

a temperature detection unit for detecting a temperature of the linear vibration motor; and
a motor thrust constant estimation unit for estimating a motor thrust constant that is used at the position cal-
culation for obtaining the mover position during the operation of the linear vibration motor, on the basis of the
motor thrust constant calculated by the thrust constant calculation unit and the temperature detected by the
temperature detection unit, wherein
said motor driver temporarily changes its mode to the non-operating mode at a start or end of the operation
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of the linear vibration motor, or at the start and end of the operation, so as to calculate the motor thrust constant,
said motor thrust constant estimation unit,
when the linear vibration motor is not operating, derives a relationship between the temperature of the linear
vibration motor and the motor thrust constant on the basis of the motor thrust constant calculated in the non-
operating mode and the temperature at that calculation of the motor thrust constant, detected by the temper-
ature detection unit, and
when the linear vibration motor is operating, estimates the motor thrust constant in the operating state of the
linear vibration motor, from the derived relationship between the temperature of the linear vibration motor and
the motor thrust constant on the basis of the temperature detected by the temperature detection unit, and
said mover position calculation unit performs the position calculation for obtaining the mover position during
the operation of the linear vibration motor, using the estimated motor thrust constant.

7. An air conditioner provided with a compressor which has a cylinder and a piston, and compresses a liquid in the
cylinder by a reciprocating motion of the piston, including:

a linear vibration motor for making the piston reciprocate, having a mover which is reciprocatably provided,
and a spring member which supports the mover;
a motor driving unit for driving the linear vibration motor; and
said motor driving unit being a motor driving apparatus as defined in any of Claims 1 to 6.

8. A refrigerator provided with a compressor which has a cylinder and a piston, and compresses a liquid in the cylinder
by a reciprocating motion of the piston, including:

a linear vibration motor for making the piston reciprocate, having a mover which is reciprocatably provided,
and a spring member which supports the mover;
a motor driving unit for driving the linear vibration motor; and
said motor driving unit being a motor driving apparatus as defined in any of Claims 1 to 6.

9. A cryogenic freezer provided with a compressor which has a cylinder and a piston, and compresses a liquid in the
cylinder by a reciprocating motion of the piston, including:

a linear vibration motor for making the piston reciprocate, having a mover which is reciprocatably provided,
and a spring member which supports the mover;
a motor driving unit for driving the linear vibration motor; and
said motor driving unit being a motor driving apparatus as defined in any of Claims 1 to 6.

10. A hot-water supply unit provided with a compressor which has a cylinder and a piston, and compresses a liquid
in the cylinder by a reciprocating motion of the piston, including:

a linear vibration motor for making the piston reciprocate, having a mover which is reciprocatably provided,
and a spring member which supports the mover;
a motor driving unit for driving the linear vibration motor; and
said motor driving unit being a motor driving apparatus as defined in any of Claims 1 to 6.

11. A handy phone provided with a linear vibration motor for generating vibration, and a motor driving unit for driving
the linear vibration motor, including:

said linear vibration motor having a mover which is reciprocatably provided, and a spring member which sup-
ports the mover; and
said motor driving unit being a motor driving apparatus as defined in any of Claims 1 to 6.
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